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ABSTRACT 

We present near-infrared images obtained with the HST NICMOS camera for a sample of 9 lumi- 
nous (LIGs: L m (8 - 1000/im) > 10 11 L s ) and 15 ultra-luminous (ULIGS: L m > 10 12 L ) infrared 
galaxies. The sample includes representative systems classified as warm (/25/xm//60/im > 0.2) and cold 
(/25^m//60/jm < 0.2) based on the mid-infrared colors and systems with nuclear emission lines classi- 
fied as HII (i.e. starburst), QSO, Seyfert and LINER. The morphologies of the sample galaxies are 
diverse and provide further support for the idea that they are created by the collision or interactions 
of spiral galaxies. Although no new nuclei are seen in the NICMOS images, the NICMOS images do 
reveal new spiral structures, bridges, and circumnuclear star clusters. The colors and the luminosities 
of the observed clusters are consistent with them being young (10 7-8 yrs), formed as a result of galactic 
interactions and having masses much greater than those of Galactic globular. In NGC 6090 and VV114, 
they are preferentially situated along the area of overlap of the two galactic disks. 

With the exception of IR 17208-0018, all of the ULIGs have at least one compact (2.2^m FWHM 
< 200 pc) nucleus. Analysis of the near-infrared colors (i.e., tjii.i— 1.6 vs. TO1.6-2.2) derived from 1.1" 
diameter apertures suggests that the warm galaxies have near-infrared colors consistent with QSO+hot 
dust emission and the cold galaxies, as a group, have near-infrared colors consistent with reddened 
starlight. In addition, the cold ULIG UGC 5101 (and possibly three others) have near-infrared colors 
suggesting an additional AGN-like near-infrared component in the nucleus. In a 2 kpc-diameter aperture 
measurement, the global colors of all of the cold galaxies except UGC 5101 are consistent with starlight 
with a few magnitudes of visual extinction. The general dichotomy of the near-infrared properties of the 
warm and the cold galaxies are further supported by the light distributions - seven of the eight warm 
galaxies have unresolved nuclear emission that contributes significantly (i.e., > 30 — 40%) to the total 
near-infrared luminosity. The smooth, more extended light observed in all of the galaxies is most likely 
comprised of giant and supergiant stars, but evidence at longer wavelengths suggests that these stars 
contribute little to the high 8-1000/im luminosity of these galaxies. Finally, light profiles of nine of the 
24 systems were fit well by an r 1 / 4 law (and not so well by an exponential disk profile). Whether these 
star systems eventually become massive central bulges or giant elliptical galaxies will depend on how 
efficiently the present ISM is converted into stars. 

Subject headings: galaxies: active — galaxies: ISM — galaxies: ULIG — galaxies: interactions — 
galaxies: starburst 



1. INTRODUCTION 



or double nuclei (cf. Joseph fc Wright 1985|; Armus, Heck 



man fc Milcy 1987TBanders et al. 1988a |; |Clcmcnts~et 
al. 1996| ; [Murphy ct al. 1996Q . Extensive optical and 



Luminouo infrared gakurioo, which emit a oubotantial 

amount of their bolomot ric lumiiiooitioa in the wavolong -trh- 



range 8-1000 /im (e.g. Rieke fc Low 197% Boifer ct al 



1987; sec Sanders & Mirabel 1996 for a review), arc ob- 



served to be in a phase of dynamically triggered cvolu- 



G round baocd optical to 



infrared imaging of 



near infrared spectroscopic surveys have shown that these 
galaxies can be classifi ed as luminous starbursts and active 
galactic nuclei, AG N ( ganders et al. 1988a ; Armus, Hcck- 
Milcy 1989|; |Kim ct al. 1995|, 1998; Iveilleux, Kim 



the moat powerful galaxioo detected in the IRAS purvey 



fc Sanders 1999; Veilleux, Sanders fc Kim 199E), both of 



( Soifcr et al. 1987 ) have revealed that virtually all show 
evidence of a strong interaction (eg. extended tidal tails) 



which are presumably fueled by the abundance of molec- 



ular gas ( Sanders, Scoville fc Soifer 1991 ; Solomon ct al 



1997 ) that collect via gravitational torques and dissipate 
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into t he merging nuclei flMihos fc Hcrnquist 1996) ; IScovillq 1 
et al. |l997j ; [Bryant fc Scoville 1996| ). Most of the direct ul- 
traviolet and optical light emitted by these starbursts and 
AGN is obscured by the interstellar dust of the merging 
galaxy, but is re-emitted at far-infrared wavelengths. 

Evidence of morphological disturbances (e.g. Mack- 
enty & Stockton 1984) and large amounts of molecular 
gas (e.g. Sanders, Scoville, & Soifer 1988) and dust in 
a few optically-selected QSOs, combined with the simi- 
lariti es in th e space densities of QSOs and ULIGs ( [Boifci 



et al. 1987), initially led to the hypothesis that ULIGs 



might evolve into optically-selected QSOs, once most of 
their gas and dust are con sumed/blown out by star for- 
matio n and AGN activity ( [Sanders et al. 1988a , Sanders 



et al. 1988b). During this process an accompanying evo- 



lution in the far-infrared color, from cold, st arburst-like 
colors to w arm, Seyfert-like colors, takes place (Sanders et 
al. 19 [88b| ). The scenario is supported by optical and mid- 
infrared spectroscopy, which shows an increasing fraction 
of AGN- like emission- line spectra in ULIGs as a function 
of increasing luminosity (Veilleux, Kim & Sanders 1999 



Veilleux, Sanders & Kim 1999; Evans et al. 1998: Lutz et 



al. 19^ 

While the nature of the luminous infrared galaxies are 
believed to be understood in general terms, the details 
have been under investigation for over a decade. However, 
the wealth of ground-based spectroscopic and low resolu- 
tion imaging surveys have provided little information on 
the circumnuclcar region at scales comparable to the di- 
mensions of the starbursts and/or AGN believed to be 
responsible for the bulk of their bolometric luminosities. 
Optical imaging of these galaxies has been obtained with 
Hubble Space Telescope (HST) with resolutions < 0.1"; 
however, at these wavelengths the circumnuclear regions 
are still obscured by the high dust column densities. The 
recent installation of the Near-Infrared Camera and Multi- 
Object Spectrometer (NICMOS) on HST has now made it 
possible to observe more directly the embedded nuclear re- 
gions by providing the high resolution possible with HST 
(0.1-0.2", which corresponds to 30-200 pc over the redshift 
range 0.01-0.1) at wavelengths where the effects of dust 
extinction are reduced by an order of magnitude (in ex- 
ponential optical depth) compared to visual wavelengths. 
We present here an investigation of the near-infrared mor- 
phologies of 24 luminous infrared galaxies using the new 
capabilities of HST. The analyses and conclusions drawn 
from this study benefit from previous ground-based imag- 
ing and spectroscopy of these galaxies. 

This paper is divided into eight Sections. Section 1 con- 
cludes with a discussion of the general objectives of the 
survey and the sample selection. In §2, the observations, 
data reduction, and flux calibration are summarized. In- 
cluded here is a description of the Point Spread Function 
(PSF) subtraction performed on the brighter, unresolved 
nuclei and the extinction corrections applied to the 2.2 /im 
images. The morphologies of the individual galaxies are 
summarized in §3 and §4, followed by a discussion of the 
aperture colors and their intepretation in §5. Section 6 
contains a discussion of the radial profile fits to the im- 
ages and how well they are fit by elliptical galaxy and 
exponential disk profiles. In §7, the degree of central com- 
pactness is discussed, and in §8 the nature of the extended 
near-infrared light is considered. Section 9 is a summary 



of the paper. Throughout this paper, we adopt Ho=75 
km s _1 Mpc _1 and qo = 0; at the typical redshift (z=0.05) 
of the observed galaxies, 0.1-0.2" resolution corresponds 
to 100-200 pc. 

1.1. General Objectives 

The NICMOS images are particularly well-suited to 
defining the small-scale structure of the dust embedded 
galactic nuclei in infrared luminous galaxies. The 1.1, 1.6, 
and 2.2 /im measurements can be used to determine the 
distribution of dust extinction (assuming intrinsic colors of 
the embedded stellar populations) and the observed light 
distribution corrected for this extinction to better estimate 
the 'true' light distribution. The issues we address here in- 
clude : 

1) the location and size of the galactic nucleus (or nu- 
clei) - an unresolved resolved nucleus (i.e. < 0.1") might 
indicate an AGN or compact, super- luminous starburst - 
and whether the fraction of the total 2.2 (im light emitted 
from compact nuclear sources is correlated with the total 
bolometric luminosity or the optical emission line spectral 
classification and far-infrared color. 

2) the morphology of the dust extinction in the galactic 
nuclei as an indication of central dust accretion disks or 
rings 

3) the existence of inner spirals or bars both of which 
could transport material to the nucleus and stimulate star- 
bursts in the inner disk 

4) the properties and distribution of luminous (presum- 
ably young) star clusters formed in the galactic disks and 
nuclear regions 

5) the stellar surface brightness profiles and their rela- 
tionship to the stage of dynamical evolution of the galaxies 

1.2. NICMOS Luminous Infrared Galaxy Sample 

The sample of galaxies range in infrared luminosities 
from 10 11 to 4 x 10 12 L Q at A=8-1000 /im. The sam- 
ple is not complete in a flux or distance limited sense, 
but is instead intended to cover a broad range of luminos- 
ity and intrinsic properties (and presumably evolutionary 
stages). The majority of the galaxies were taken from the 
IRAS Bright Galaxy Survey which includes all extragalac- 
tic objects (324 galaxies) bri ghter than 5.4 Jy a t 60 /im 
at |6| > 30° and S > -30° flSoifer et al. 1989| ). Since 
one of the primary objectives of this study was to look 
for morphological similarities between the ultraluminous 
infrared galaxies, AGNs and nuclear starbursts, we have 
included for reference two optically-selected QSOs which 
are also warm ultraluminous infrared galaxies (3C48 and 
Mrk 1014) and the relatively nearby starburst galaxy NGC 
6090. We then selected a large fraction of the most lumi- 
nous systems, the ultraluminous infrared galaxies (ULIGs) 
which have L> 10 12 L Q at A=8-1000 /im. Nine of the ten 
galaxies in the original list of ULIGs (Sanders et al. 1988a) 
are included here; the remaining object (Mrk 231) was im- 
aged in a companion study by Hines et al. (1999). We also 
include here 5 of the 12 objects contained in the warm ul- 
traluminous sample ( Banders et al. 1988b| ) ; these were not 



in the BGS due to their lower 60 /im flux. As stated in the 
Introduction, the warm ULIGs have been suggested as a 
transition class between the cold ULIGs and optical/UV 
excess QSOs. 
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The galaxies in this sample are listed in Table 1 along 
with their optical nuclear emission line and mid-infrared 
warm (W) versus cold (C) classifications (with the dividing 
line between the two classes at a 25-to-60 nm flux density 
ratio of 0.20: |de Gr i.jp et al. 1985|; |De Gri.jp Lub fc Milcy 



1987 | |Low et al. 19881 ; panders ct al. 1988b| ), their A= 



1000 /im luminosities , molecular hydrogen masses (b ased 
on mm-CO emission; Banders, Scoville & Soifer 1991) and 



a description of the morphology seen in the NICMOS im- 
ages. Fig. [j] shows the sample galaxies plotted as a function 
of Li r at A=8-1000 /im and their 25-to-60 /im flux density 
ratios. The classification of the optical emission-line ratios 
are indicated by the different symbols. 



local signal-to-noise ratio across the image. 

For each galaxy, the three broad-band images were ob- 
tained during a single guide star acquisition within one 
orbit. Since the stability of the guide star tracking for 
all of these NICMOS observations is much better than a 
single pixel, the relative registration of the three images 
was assured. On the other hand, in no instance did we 
attempt absolute registration of the images using multi- 
ple guide stars. We therefore adopt coordinates in each 
galaxy measured as offsets from the 2.2 /im peak, using 
the same pixel origin for the 1.1 and 1.6 /im images. All 
of the images are rotated with north up and east to the 
left using the data-header orientation angle. 



2. OBSERVATIONS AND DATA REDUCTION 

HST observations of each galaxy were obtained in a sin- 
gle orbit (except VV114) on the dates listed in Table 2 
using camera 2 of NICMOS. The camera has a 256x256 
HgCdTe array with pixel scales of 0.0762" and 0.0755" per 
pixel in x and y, respectively, providing a ~ 19.5" x 19.3" 
field of view (Thompson et al. 1998). Images were ob- 
tained using the wide-band F110W (1.10 /im, AAfwhm ~ 
0.6 /im) and F160W (1.60 /im, AAfwhm ~ 0.4 /im) filters, 
and the medium-band F222M (2.22 /im, AAfwhm ~ 0.14 
/im) filter. During five of the orbits, suitably placed HST 
guide stars were also imaged for point-spread function 
(PSF) determinations. The FWHM are 0.11", 0.16", and 
0.22" at 1.1, 1.6, and 2.22 /im, respectively. Observa- 
tions of both the galaxies and the PSF stars were done 
using a four or five-point spiral dither in each filter set- 
ting; the step size in most cases was 25.5 pixels (1.91"). 
The dithered observing mode yields better sampling of the 
PSF (due to the half-pixel steps) and the ability to iden- 
tify bad-pixels, pixels temporarily affected by cosmic rays, 
and processing artifacts. At each dither position, non- 
destructive reads (MULTIACCUM) were taken. The total 
integration times for each filter are listed in Table 2. Dark 
images were obtained at the end of each orbit. 

The initial data reduction and calibration was done with 
IRAF. The dark was first created, then the NICMOS data 
were dark subtracted, flatfielded and corrected for cosmic 
rays using the IRAF pipeline reduction routine CALNICA 
(Bushouse 1997). The calibrated images contained pix- 
els with reduced quantum efficiency due to contaminants 
on the array surface, thus a mask was created to mini- 
mized their effect. Two additional areas required mask- 
ing; the coronographic hole was masked on all images, as 
well as column 128, which is noteably sensitive to minute 
discrepancies in dark subtraction (i.e., the dark current 
rises sharply toward the center column of the array). The 
dithered images were then shifted and averaged using the 
DRIZZLE routine in IRAF (e.g. Hook & Fruchter 1997). 
The plate scales of the final "drizzled" images are 0.0381" 
and 0.0378" per pixel in x and y. 

The reduced images are shown as 3-color images in Fig. 
|^. Because of the very large dynamic range and signal- 
to-noisc ratio in the surface brightness of the galaxies, a 
variable resolution smoothing routine (see Appendix A) 
was applied to the image data for the contour maps (Fig. 
|^ and |j) . This routine smooths the image with a variable 
width boxcar filter with the resolution depending on the 

1 Note that no flux measurements were made from images processed 



2.1. Flux Calibration 

Flux calibration of the images were done using scal- 
ing factors of 2.031 xl0~ 6 , 2.190xl0~ 6 , and 5.487xl0~ 6 
Jy (ADU/sec)- 1 at 1.10, 1.60, and 2.2 /im (Rieke et 
al. 1999). The corresponding magnitude zero points (on 
the Vega system) were calculated assuming 1775, 1083 and 
668 Jy at mag for 1.10, 1.60, and 2.22 /im respectively. 
The effective wavelengths of the HOW, 160W and 222M 
filters on NIC2 are 1.104, 1.593, and 2.216 /im (Rieke et 
al. 1999). 

As a check on the flux calibration, we compared our 
measured fluxes within a 5" aperture centered on the 
1.6/xm and 2.22/im peaks in each galaxy with those mea- 
sured in ground-based imaging by Carico et al. (1988). 
For the 16 galaxies which overlap between the two sam- 
ples, the flux densities of all but one (IR 12112+0305) 
agree to better than 10%. At 1.1/im a direct comparison 
is not possible since the standard J filter is at 1.25/im. The 
rms noise in the final images is typically 7, 7 and 20 /iJy 
(arcsec) -2 at 1.1, 1.6, and 2.2 /im. 

2.2. Point Source Subtraction and Image Artifacts 

In seven of the galaxies imaged here, the images are 
contaminated by diffraction rings and spikes due to strong 
point sources in the galactic nuclei. These effects are se- 
vere in NICMOS images due to near-field diffraction from 
the cold-stop. The effects are particularly noticeable at 
2.2 /zm but are also seen in some of the 1.6 and 1.1 /im 
images. For the affected images, the nuclear point sources 
were subtracted with PSF stars. Given the variability of 
the HST PSF caused by telescope breathing, this removal 
of the PSF is only approximate. To avoid spurious PSF 
artifacts being interpreted as real structure in the images, 
we therefore set the surface brightness within a box cen- 
tered on the point source to a constant value equal to the 
average of the flux along the outside border of the box. 
This square box had dimensions of 0.66, 0.96 and 1.32" on 
a side at 1.1, 1.6 and 2.2 /im respectively. A point source 
with the fitted flux was then convolved with a Gaussian of 
FWHM = 0.11, 0.16 and 0.22" and added back into the 
PSF-subtracted image at the position of the point source 
in the galaxy. This procedure was only adopted in the 
contour diagrams in order to retain information on the 
point source strength while at the same time avoiding the 
display of areas of the image believed to be particularly 
unreliable. The procedure was applied to Figs. |^ and [| 
for NGC 7469, IRAS 08572+3915, IRAS 05189-2524, PKS 

in this manner. 
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1345+12, IRAS 07598+6508, Mrk 1014 and 3C48. 1 None 
of the 3-color images displayed in Figure 2 have any PSF 
subtraction. 

Due to the higher resolutions in the two shorter wave- 
length bands and our desire to show the original, uncon- 
volved (but calibrated) data for the 3-color images, these 
images occasionally exhibit 'color fringes' in areas with 
steep brightness gradients (eg. near a bright point source). 
The alternatives (convolving all wavelengths to a common 
2.2 /im resolution or deconvolving to the 1.1 /im resolu- 
tion) would have degraded the short wavelength resolution 
or been susceptible to artifacts of the deconvolution tech- 
nique. Therefore, the color-fringes appearing in areas with 
steep intensity gradients in the 3-color displays should be 
viewed with caution and in most cases ignored. 

2.3. Extinction Derivation and Correction 

In most of the galaxies, large spatial variations in the 
colors of the near-infrared emission are seen across the 
images. Aside from the nuclear point sources (which may 
have different intrinsic colors), most of the large-scale color 
gradients arc probably attributable to variations in the 
dust extinction within the galaxy. This implicitly assumes 
that outside the nucleus there is little contribution to the 
flux from warm dust and that the galactic disk stellar light 
in the near infrared is mostly that of a ~ 10 8 yrs stel- 
lar population rather than that of the old disk population 
(age > 10 9 yrs). We thus correct the 2.2 /zm images for 
extinction under the assumption that the intrinsic spec- 
trum of the extended emission is that of an aging starburst 
population with the extinction derived from the observed 
TOi.6-2.2 jurn color. For the intrinsic colors, we use the 
Bruzual & Chariot (1993, 95) model starburst population 
having a Salpeter IMF (see below) over the mass range 
0.1-125 Mq . For an instantaneous starburst with solar 
metallicity, we sample the stellar light in the NICMOS fil- 
ter set as a function of time. At ages 5xl0 7 -5 x 10 8 yrs, 
the 1.1, 1.6 and 2.2 /zm colors are fairly constant (see Fig- 
ure [H]) with typical values being mi. 6-2. 2 ~ 0.35 mag and 
wti.i-- i.fi ~ 0-65 mag. Thus, the 1.6-2.2 /im color excess is 
given |by 



#1.6-2 



-2.5 log{ 



0.175, 



2.2 



(1) 



To translate the color excess into an extinction we as- 
sume that the extinction is in a foreground screen (i.e. not 
mixed with the stars) and use the extinction law derived 
by Rieke & Lebofsky (1985) that has been modified at 
the shorter wavelengths. This extinction law translated 
into the NICMOS filter bandpasses yields color excesses 
of £1.6-2.2 ~ 0.079 and #1.1-1.6 - 0.191 mag for A v = 1 
mag. 2 Therefore, 



A 2 .2 = 0.100 



#1. 



6-2.2 



A2.2 = -3.15 log{ 



0.079 

/l.6s , 



h 



0.222. 



To obtain an image de-extincted at 2.2 /zm, 



.4 



h.2{true) = f2a(obs) x exp( ' ) 



(2) 
(3) 

(4) 



The equivalent relations using the 1.1 and 1.6 /im bands 
to estimated the extinction at 1.6 /zm is 



Ai. 6 = -2.30 log( J -±±) - 0.105. (5) 
/1.6 



and an image de-extincted at 1.6 (im is obtained from 



An 



fxs{true) = fxs(obs) x ea: P(y^) 



(6) 



Equations 3-4 were applied to the 1.6 and 2.2 /zm im- 
ages, to yield 'de-extincted' 2.2 /zm images for the galaxies. 
(In a few instances the 2.2 /im background variations or 
PSF artifacts severely corrupted the 2.2 /im image and 
we used equations 5-6 to obtain 'de-extincted' 1.6 /im im- 
ages.) To avoid false color gradients in the ratio image 
used in Equation (3) (due to the higher resolution at 1.6 
/im), we convolved both the 1.6 than 2.2 /jm images to 
a common resolution (0.2") before computing the extinc- 
tion and applying to the 2.2 /im data (Eq. 4). In Figure 
the de-extincted 2.2 /im and 1.1 /im (for reference) images 
are shown for each galaxy. In viewing these extinction- 
corrected images, the reader should bear in mind the two 
assumptions which are certainly not always correct: that 
the dust providing the extinction lies in front of the emis- 
sion sources (i.e. is not mixed with the stars) and that 
the intrinsic (unextincted) color is uniform and approx- 
imated by that of a moderate age starburst population. 
The former is probably the most flawed of these assump- 
tions. When the dust is mixed uniformly with the radi- 
ation sources, the observations typically sample the first 
few optical depths at each wavelength. For actual r in 
the range 1 to 10 with the dust uniformly mixed with the 
stars, the true optical depth is underestimated typically 
by a factor ~ 2 but for large r r the underestimate can be 
much greater (see Fig. |^ and Witt, Thronson, fc Capuanc] 
1992). The emission will also appear bluer than would 



be expected for the same total extinction. An additional 
problem arises from the intrinsically higher angular reso- 
lution at 1.6 /im than at 2.2 /im. Despite the reservations 
and assumptions noted above, these extinction corrected 
images probably yield a more generally accurate rendition 
of the intrinsic 2.2 /im emission than the observed 2.2 /im 
images. Evidence of this is provided in the case of Arp 220 
where the de-extincted image yields peaks which better fit 
the PA of the radio nuclei (Scoville et al. 1998). 

3. MORPHOLOGY 

Morphological characteristics occuring in many of the 
images of the 24 galaxies include: double nuclei, extended 
'tidal' tails, point source nuclei (particularly at 2.2 /im in 
the most luminous and distant objects), bright off- nuclei 
star clusters, spiral arms (on the scale of 100 pc to 1 kpc), 
and high reddening in the nuclei. These features are sum- 
marized in Table 3. In the following we briefly summarize 
the features seen in each object. 



1.086 ' 

2 Note that the NICMOS flux calibrations were determined using relatively blue stars. Thus, in the case of extremely red objects, the broad 
bandwidth of the F110W filter may result in an overestimation of their fluxes (e.g., by ~0.15 mag for an Ay ~ 5). 
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3.1. NGC4418 

The nucleus of this galaxy exhibits strong extinction 
along the galactic disk to within 100 pc of the nucleus 
which causes the short wavelength emission (1.1 /jm) to 
be elongated perpendicular to the plane of the galaxy at 
small radii (see Fig. |^-^). The reddening is most easily 
seen in the ratio image in Fig. |. Evans et al. (1999a) 
compare the near-infrared (NICMOS) morphology of the 
nuclear region with recently acquired mid-infrared (MER- 
LIN) images and discuss the possibility that the bulk of the 
luminosity of NGC 4418 emanates from a region obscured 
by a compact (~ 130 pc) stellar disk. 

3.2. Zw049.057 

Zw049.057 appears as a highly inclined disk with a 
smooth light distribution at large radii but a bright arm 
of star formation ~ 1" south of the 2.2 /im peak (Fig. ||). 
The reddening and the extinction-corrected 2.2 /an emis- 
sion also peak ~ 0.5" south of the 2.2 /im emission peak 
(Fig. I andg). Zw049.057 exhibits a linear 'shadow' fea- 
ture extending radially from the nucleus along the minor 
axis at PA ~ —50° (see Fig. 0). The feature is perhaps 
due to an absorbing cloud in the nucleus blocking radia- 
tion along the shadow line on the minor axis. This inter- 
pretation would imply that much of the light seen along 
the minor axis of the galaxy is scattered light from the 
nucleus. Alternatively, if this is a dust absorption lane, 
it must extend linearly over 500 pc in radius and a high 
mass is required in order to produce the absorption over 
the extent of the lane. 

3.3. NGC 6090 

In the primary (NE) galaxy of NGC 6090, two distorted 
spiral arms are seen, both of which are delineated by a 
number of bright clusters. The companion, 6" (3.4 kpc) 
to the SW could almost be an extension of one of the 
primary's spiral arms; however, the bright 2.2 /im point 
source at the one end of the secondary together with a 
radio continuum source argue for this being a less mas- 
sive galaxy which is merging with the NE galaxy. The 
2.2 /im extinction-corrected contour map (Fig. ||) strongly 
favors this interpretation since the SW galaxy clearly ap- 
pears very substantial and has only a low level bridge to 
the spiral pattern of the NE galaxy. The area between the 
two galaxies contains a massive concentration of ISM as 
evidenced by the very red colors of the clusters (No. 6 and 
8 in Table 7) on the SW edge of the primary galaxy and 
the fact that th e mm- wave CO(l-O) em ission peaks in this 
overlap region (Bryant & Scoville 1999). The morphology 
of NGC 6090 suggests an extended starburst triggered by 
the galaxy-galaxy interaction. The large number of lumi- 
nous clusters seen along the side of the NE galaxy closest 
to the secondary galaxy suggests that the starbursts are 
triggered hydro dynamically (eg. cloud-cloud collisions or 
shocks from a high pressure, intercloud medium) rather 
than by large-scale gravitational force gradients. (Tidal ef- 
fects should be equal on the near and far sides contrary to 
the observed asymmetry.) Dinshaw et al. (1999) present a 
more detailed description of these data, and conclude, in 
part, that the radio emission from NGC 6090SW is not co- 
incident with the brightest near-infrared "knot" , and that 
this knot may actually be a forground star. 



3.4. NGC 2623 

NGC 2623 has a highly reddened nucleus with a pos- 
sible short tidal feature or spiral arm at ~ 1" radius to 
the SW (seen best in the 1.1 /im image). In the optical, 
prominent tails are seen suggesting that this system un- 
derwent a significant merging event in the past (Toomre 
1977, Joseph & Wright 1985). However, at 1.6 and 2.2 /im, 
the light profiles arc smooth, following approximately an 
r 1 / 4 law ( Wright et al. 1990| see below). The latter mor- 
phology suggests that the galaxies which may have merged 
have coalesced into a common nucleus. A weak VLBI ra- 



dio core is seen in the nu cleus of NGC 2623 (cf. Lonsdale 
Smith & Lonsdale 1993). In CO (1-0) the emission com- 
plcx is ~ 1.6" in diamete r with kinematic major axis E-W 
( Bryant fc Scoville 19_99 ), similar to the reddening distri- 
bution shown in Fig. 131. 



3.5. IG 

IC 883 (Arp 193) appears as a highly inclined disk with 
the reddening increasing to the NW within the disk. The 
peak in the extinction-corrected 2.2 /im light distribution 
coincides with the 2.2 /im flux peak but the centroid is 
clearly displaced to the northwest. The reddening distri- 
bution shown in Fig. is similar to the CO (1-0) emission 
which has a size 4.1 x 2.2" elongated along the plane 
of the gal axy and with kinematic major axis in the same 
direction (Bryant & Scoville 1999). (The increase in ap- 



parent 2.2/1.1 /im color ratio on the NE of IC 883 is small 
and occuring at low flux flux levels; it may be due to flat- 
fielding errors.) A number a bright clusters are seen above 
and below the disk out to 5" radius. Their high luminosity 
suggests that they are young (< 10 9 yrs; see below), imply- 
ing that the galaxy may have undergone a collision in the 
past with a burst of star and cluster formation in spherical 
region before the ISM settled into its present disk-like con- 
figuration. The near-infrared morphology of IC 883 is very 
similar to that of M82 although the luminosity is scaled 
up by over an order of magnitude. 

3.6. NGC 7469 

The near-infrared emission from NGC 7469 is dom- 
inated by the bright, point-like Seyfert nucleus point- 
source. However, the bright inner disk of the galaxy has 
been seen in much earlier optical (De Robert is fc Pogge 



1986, Wils on et al. 1986) and near- infrared ( Mazzerella 



et al. 1994) imaging, and is discussed extensively in Gen- 
zel et al. (1995). A short spiral arm-like feature in the 
NW are clearly seen in the point-source subtracted images 
(Fig. |). (The bright linear SSE-NNW feature is a PSF 
artifact which we were unable to remove in the 2.2 /im 
image.) In the inner disk, there is a ring of star formation 
at ~ 1" radius, corresponding to 500 pc. The structure 
within the ring is similar in all three bands and is well 
outside the area in which residual PSF should introduce 
structure. This starburst disk is very similar to that seen 
in NGC 1068; in NGC 7469 there is no evidence of a bar 
like that seen in NGC 1068. The secondary companion 
to NGC 7469, IC 5283 is 80" (26 kpc) away and there- 
fore well outside the field of our images. The data for this 
galaxy will be discussed more thoroughly in Thompson et 
al. (1999). 
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3.7. VV 114 

The two galaxies in VV 114 are sufficiently extended 
that a mosaic of two images was required to cover them 
both using the NIC2 camera. These galaxies present a 
remarkable contrast from the visual to near-infrared (cf. 
Knop ct al. 1994: Doyon ct al. 1995) - the eastern galaxy 
which is very insignificant in the visual becomes the domi- 
nant source in the near - infrared in terms of surface bright — 



ness. The western galaxy has a groat number of luminous 

star forming regions in an arm running between the two 
galaxies and to its south. This positioning of the young 
clusters in the overlap region of the two galaxies is similar 
to that seen in NGC 6090. In the mm-wave CO line (Yun, 
Scoville & Knop 1995) and 850 /im continuum (Frayer et 
al. 1999), the major concentration of emission actually lies 
between the two galaxies . In the eastern galaxy, there are 
two 2 fan peaks, the brightest being that to the SW where 
the reddening is also greatest. A more detailed discussion 
of this galaxy is provided in Scoville et al. (1999a). 

3.8. NGC 6240 

The double nuclei in NGC 6240 are separated by 1.6" N- 
S (0.8 kpc) and the southern nucleus is relatively brighter 
at long wavelengths. The reddening peaks to the north and 
slightly east of the southern nucleus. In the radio contin- 
uum, th^re_are_alsotwo nuclei but their separation is only 
1.4" QCarral et al. 1990| ). The mm-wave CO(2-l) emission 
peak is located between these nuclei (Tacconi et al. 1999, 
Bryant & Scoville 1999). In addition, the near- infrared 
CO-bandhead velocity dispersion of giant stars exhibits 
an increase between the nuclei (Tacconi et al. 1997), all of 
which indicate a significant mass concentration (perhaps 
largely interstellar gas) between the nuclei. 

3.9. VIIZwOSl 

Ground-based optical images have been used to suggest 
that VIIZw031 might be an elliptical galax y (eg. Djorgov- 
ski et al. 1990; Sanders & Mirabel 1996) ; however, the 
NICMOS images clearly resolve extremely bright, asym- 
metric spiral arms in the nucleus. Numerous clusters are 
seen in the galactic disk and the reddening peaks to the 
east of the nucleus. While the NICMOS data clearly im- 
ply that this is a spiral system and strengthens the view 
that the progenitors of LIGs and ULIGs are composed of 
at least one spiral galaxy, it is not obvious what triggered 
the activity occuring in VIIZw031. There is no evidence 
to date of a nearby interacting companion galaxy (pre- 
merger) or tidal tail remnants (post-merger). 

3.10. IRAS 15250+3609 

In IRAS 15250+3609 there is one dominant nucleus and 
a much less bright (possible) nucleus 0.7" SE. It is not clear 
if this second source is indeed a nucleus or an anomalously 
bright cluster but its colors are very red like most of the 
nuclei in our sample and it is approximately a factor of 
ten more luminous than any other cluster in this system. 
The emission associated with the primary nucleus is also 
extended in the direction of the secondary source. In ad- 
dition, the nuclear region is surrounded by several bright 
star clusters. 

3.11. UGC 5101 



UGC 5101 (IRAS 09320+6134) shows a single nucleus 
with surrounding spiral isophotes that rotate in PA as a 
function of radius. Its nucleus is unresolved at 2.2 fim 
and extremely red. In the color-color diagrams (Fig. 5|- 
[5]), the nucleus is anomalous in being the only one of the 
cold ULIGs with colors similar to warm ULIGs (possibly 
indicating an AGN source). In the optical, an e xtended 



edge-on tida l tail is seen like that in Mrk 273 (see Sander; 



et al. 1988a, Surace et al. 1999b), while a second tail loops 



around the nucleus in a nearly complete ring. A number 
of clusters can be seen in the northern arm and the red- 
dening increases just to the north of the nucleus. Due the 
bright galactic background near the nucleus, we were not 
able to accurately fit and subtract a PSF from the 2.2 /im 
image and the SW-NE stripe is a residual PSF artifact. 

3.12. IRAS 10565+2448 

The primary galaxy in IRAS 10565+2448 is much more 
luminous than the companion galaxy, located near the 
edge of our images 8" to the SE. Nevertheles, it appears 
that the two are interacting given the bridge between them 
(see Fig. |2|) and their angular separation which corre- 
sponds to only 6.7 kpc. A third galaxy and tidal tail is 
seen to the NE of the pri mary, but out of the field of view 
of our NICMOS images ([Murphy ct al. 1996Q. 



3.13. IRAS 08572+3915 

The two nuclei in this system are separated by 5", cor- 
responding to 5.6 kpc. The northern nucleus is unresolved 
in all three bands and an extremely bright cluster is seen 
to the SE of the nucleus (Fig. ||). The low level common 
envelope of the system which is best seen in the contour 
images (Fig. ^-^) bridges the region between the galax- 
ies at 1.1 and 1.6 /xm and extends well to the east of the 
southern galaxy. (The disappearance of the envelope in 
the 2.2 /im image in Fig. |3| is probably due to the higher 
background and lower sensitivty at 2.2 fiia.) 

3.14. IRAS 05189-2524 

This galaxy shows a single unresolved nucleus in all 
three bands. In the PSF-subtracted images used in Fig. [| 
low level emission is seen to at least 3" radius. The nuclear 
source is extremely red (see Fig. [}]). (The sharper exten- 
sions E-W and to the N in the 2.2 /im image of Fig. ||- 1| 
are probably due to incomplete PSF removal.) At optical 
wavelengths (Surace & Sanders 1998,1999), this galaxy has 
a nucleus which appears to be bisected by a dust lane; the 
longer wavelength NICMOS data clearly penetrates this 
dust. The optical images also exhibit a "plateau" of ex- 
tended blue star formation surrounding the nucleus which 
may correspond to the extended light seen in the NICMOS 
data, as well as several extended tidal loops. 

3.15. IRAS 22491- 1808 

This spectacular system has two nuclei separated by 
1.6" (2.4 kpc), which were first observed by Carico et al. 
(1990b). Many extremely luminous clusters and two high 
surface brightness tidal tails are seen extending to E and 
NW. The western nucleus is unresolved in all three bands. 
Optical imaging reveals so many luminous star clusters as 
to prevent identification of the actual nuclei; near-infrared 
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data are required to locate them (Surace 1998, Surace et 
al. 1999b). The optical images also reveal that the full ex- 
tent of the tails, which terminate in complex loops. Many 
of the clusters seen by NICMOS are embedded in these 
tails, particularly the one to the NW. 

3.16. Mrk 273 

The northern nucleus is both bluer and more spatially 
extended than the redder, unresolved southern nucleus. 
Both nuclei are much redder than the surrounding galaxy. 
The tidal tails may be seen in both the 1.1 /im emission and 
in obscuration (2.2/1.1 /im) extending well to the north 
and south of the nuclei. In addition, several bright clus- 
ters are seen to the south and north of the northern nu- 
cleus. Optical imaging shows the presence of a northern 
tidal loop as well as an edge- on tidal feature to the south 
(Sanders et al. 1988a). Additional optical and UV imaging 
shows the presence of young star formation in the northern 
nucleus and in a region directly to its west (Surace 1998). 
Knapen et al. (1997) discuss the relation of their adaptive 
optics near-infrared data to their radio data. Surprisingly, 
they find that the northern nucleus is the strongest radio 
source and associate it with the active nucleus which is pre- 
sumably the source of the known Sy 2 emission (Sanders 
et al. 1988a), while they find the dominant infrared peak 
(the SW nucleus) to be the location of a starburst, which 
is the opposite of what is implied based on the NICMOS 
morphology. A near-infrared source SE of the northern 
nucleus is also shown which had been known previously 
(Condon et al. 1991). While Knapen et al. present this as 
a background object, the NICMOS data shows it is spa- 
tially coincident with a blue compact object identified as 
a star cluster. 

3.17. Arp 220 

This merging system contains two nuclei in both the 
radio continuum and the near-infrared separated by 
0.95"(350 pc projected separation). A detailed discussion 
of the NICMOS data on this galaxy is given in Scoville et 
al. (1998). In the data, extremely high reddening gradi- 
ents are seen to the south of the brighter western nucleus 
and to the south of the eastern peak seen in the 1.1 /im im- 
ages (Fig. ||). In fact, the extinction is so high on the east 
that in the extinction-corrected image (Fig.[|), the eastern 
peak which we identify with the eastern nucleus lies well 
to the south of the 1.1 /im peak, between this peak and 
a weak third peak seen in the 2.2 /im image. The strong 
obscuration to the south of the western peak can be inter- 
preted as an inclined dust disk (i ~ 30°) embedded in the 
nuclear star cluster (Scoville et al. 1998). The light which 
escapes the cluster can appear crescent-shaped if the disk 
is of size comparable to (or smaller than) the cluster and 
embedded within the cluster. 

3.18. PKS 1345+12 

The western nucleus in PKS 1345+12 is unresolved in 
all three bands and much redder than the eastern nucleus 
(see Fig. ||). The eastern nucleus is clearly resolved and 
extended. The common envelope for the two nuclei is 
extended in the east-western direction, as well as to the 
south. Evans et al. (1999b) compare the near-infrared 
(NICMOS) data with radio data and recently acquired 



CO(l — > 0) interferometry to show that the molecular 
gas and radio jets of PKS 1345+12 are associated with 
the redder nucleus, and thus that the molecular gas is the 
likely source of fuel for the imbedded, radio-loud AGN. 

3.19. IRAS 12112+0305 

The two well-separated nuclei in this system were first 
observed by Carico et al. (1990b), and are apparently con- 
nected by a bridge of emission, and a tidal tail 4" SW of 
the southern nucleus. The northern nucleus is crescent- 
shaped (like that in Arp 220) and this may indicate the 
presence of an embedded opaque dust disk (see above). 
The southern nucleus becomes increasingly point-like at 
the longer wavelengths and both nuclei are much redder 
than the surrounding galaxy (see Fig. |3|) . Optical imaging 
reveals a northern counter-tail (Surace et al. 1998b) while 
ultraviolet imaging reveals the presence of significant ob- 
scuration along the line of sight to the southern nucleus, 
as well as young star-forming clusters embedded in the 
southern tail (Surace & Sanders 1999c). 

3.20. IRAS 14348-1U7 

This system has two well-separated but clearly inter- 
acting spiral galaxies - a curved tidal tail with embedded 
clusters can be seen to the NE of the northern galaxy and a 
less extended, fainter tail is seen to the SW of the southern 
galaxy. The southern nucleus has a ring of star clusters to 
its northwest and southwest; these are best seen in opti- 
cal images (Surace 1998) and do not readily appear in the 
NICMOS data, which is indicative of their young age. 

3.21. IRAS 17208-0018 

IRAS 17208-0018 is the most luminous galaxy in our 
sample that shows no direct evidence of an AGN - the 
optical emission line ratios are Hll-like, the nucleus in the 
near-infrared images is extended in all bands, and the in- 
ner disk at R < 1 kpc shows numerous extremely luminous 
clusters. The same region has very strong reddening gra- 
dients - it is quite likely that even at 2.2 /im, dust is still 
masking the nucleus. The outer disk of the galaxy appears 
very disturbed (best seen in the 3-color image, Fig. @). 

3.22. IRAS 07598+ 6508 

The broad-band emission in all three filters is dominated 
by the point-source nucleus but low level emission can also 
be seen out to ~ 2" radius. Optical HST images reveal the 
presence of luminous blue star clusters to the south and 
east (Boyce et al. 1996), and it is unclear if the extended 
emission is due to these clusters or to the underlying host 
galaxy. 

3.23. Mrk 1014 

Although dominated by the QSO nucleus, point-source 
subtraction clearly shows twisting spiral isophotes within 
the central 4 kpc, indicating either a starburst spiral disk 
or tidal debris (see Fig. ||). Similar features are seen op- 
tically in the inner nuclear regions (Surace et al. 1998). 
Wide-field deep optical imaging reveals a tidal arm ex- 
tending to the NE over a distance of 60 kpc (MacKenty 
& Stockton 1984) which has many embedded star clusters 
(Surace 1998), which are too blue to see here. 
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3.24. 3C48 

In 3C48, the emission in all three bands is dominated by 
the unresolved quasar nucleus; however after point-source 
subtraction (see Fig. [3J) extended emission can be seen 



(parti cularly at 1.6 fim) to the NE and S of the nucleus. 
These! extensions correspond to those soon in the optical 
and K-band by Stockton & Ridgway (1991); they identify 
the NE source and the nucleus of the galaxy merging with 
the QSO host galaxy. (3C48 was not included in Fig. || 
since the ratio image is severely contaminated by the PSF 
artifacts at 2 /im). 

4. NUCLEAR BARS AND SPIRALS 

It is often suggested that nuclear bars or spiral structure 
made aid in the loss of angular momentum from the gas 
and hence lead to high rates of radial accretion to feed nu- 
clear activity (e.g. Schlosman, Frank & Begelman 1989). 
The high resolution NICMOS images of our galaxy sam- 
ple provide some constraints on such structures. In Table 

3, 10 of the galaxies are listed as having spiral- like struc- 
tures in the inner kpc and in most cases these spiral arms 
continue into < 100 pc radius. In no cases did we find 
evidence of an obvious nuclear bar on similar scales; how- 
ever, it must be recognized that most of these systems are 
sufficiently disordered due to variable extinction and star- 
burst activity that an underlying bar in the older stellar 
population would probably be difficult to detect even if it 
were there. This is in agreement with Regan & Mulchaey 
(1999) who used optical and near infrared HST imaging 
for a sample of nearby AGN to look for small scale nuclear 
bars in reddening distributions. Only 3 out of 12 Seyfert 
galaxies in their sample exhibit nuclear bars. 

5. FLUX MEASUREMENTS 

Measurements of the magnitudes at 1.1, 1.6 and 2.2 /im 
were made for each galaxy in 1.1, 5 and 11.4" diameter 
circular apertures centered on the nucleus using the IPAC 
routine SKYVIEW (note that the 1.1" aperture was used 
in order to include the first Airy ring of the NICMOS 
PSF). The resultant magnitudes are listed in Tables 3 and 

4. For six of the galaxies with well resolved double nu- 
clei, both galactic nuclei were measured. In addition to 
the aperture measurements, the magnitudes of the nuclei 
were determined by subtracting the contribution from the 
underlying stellar light (i.e., the adjacent pixels) from the 
measured 1.1" nuclear apertures. The results are listed in 
Table 5. 

All compact (cluster) sources outside the nuclei were 
measured in a 0.53" diameter aperture using Source Ex- 
tractor (Bertin & Arnouts 1996), and the results are tab- 
ulated in Table 7 for all sources with a signal-to-noise ra- 
tio greater than 3.0 in all three bands. As was the case 
with the nuclear magnitudes, the local background of every 
cluster was subtracted based on a sampling of the adjacent 
emission. 

5.1. Color-Color Diagrams for Galaxies 

In Figures the mi.i-i.e an d mi. 6-2.2 colors of the 
galaxy sample are plotted for the nuclei with symbols de- 
noting the infrared luminosity and 'warm/cool' classifica- 
tion (Table 5), with symbols denoting the optical emission- 
line classification, and for a fixed 2 kpc-diameter aper- 



ture (Table 6) with symbols denoting the infrared lumi- 
nosity and 'warm/cool' classification. Also shown in the 
figures are the expected colors for an instantaneous star- 
burst model (Salpeter IMF with masses r anging from 0.1 



125 M^a nd solar metallicity) as it ages (Bruzual & Char 



lot 1993). In this model, the colors change rapidly during 
the first 10 yr but after that they are relatively constant 
out to 5 x 10 8 yr. The mean color of optical bright PG 



QSOs ( Sanders et al. 1988b| ) is shown by the cross and 
the dotted lines shows the effect of additional emission 
by hot dust with increasing contributions at 2.2 fim. It 
is important to note that the near-infrared SED of the 
PG QSO probably already has contributions due to hot 
dust and these curves represent an arbitrary increase in 
the re lative dust cont ributions, not a new generic compo- 
nent (Barvainis 1987). The color of free-free emission is 
shown and the effects of differing amounts of extinction 
is indicated by the reddening vector in the lower left of 
the figures. The reddening vector was calculated from the 
extinction curve of Rieke & Lebofsky (1985) and Whittet 
et al. (1998) assuming a foreground dust screen. For com- 
parison, the reddening path for extinction by dust mixed 
uniformly with the stars is also shown (the curved track). 
Both the model fluxes and the extinction curve were con- 
volved with the NICMOS filter bandpasses. The models 
were also redshifted to z= 0.05, corresponding to a typical 
rcdshift of the galaxies observed here. 

The salient features of the color-color diagrams are : 
1) Virtually all of the galaxies are redder in both 
"ii. 1-1.6 an d mi. 6-2. 2 than the unreddened starburst col- 
ors (i.e. they lie well above and to the right of the star- 
burst evolutionary track, see Fig. ||). Their colors clearly 
require either extincted starlight and/or an AGN energy 
source. This general trend has been observed in ground- 
based near- infrared data as well (e.g. [Banders et al. 1988a ; 
Carico et al. 1990t |Mazzarella et al. 1992^ 



2) Both nuclei of Arp 220 and the nucleus of IR 17208- 
0018 are observed to have the most extreme mu_i,e colors 
of all of the galaxies in the sample. Thus, if the near- 
infrared light is associated with the source of the bolomet- 
ric luminosity, then the nuclear power sources in these two 
galaxies are well buried even at near-infrared wavelengths. 

3) The warm ULIGs (IRAS 05189-2524, IRAS 
07598+6508, PKS 1345+12, Mrk 1014 IRAS 08572+3915, 
and 3C 48) are all much redder in mi. 6-2. 2 than mu-i.e 
relative to a typical cold ULIG or a PG QSO (see Fig.. [|, 
consistent with sim ilar analyses done w ith ground-based 



observations (e.g. Surace et al. 1999) . These colors 



for the warm ULIGs are hard to account for by reddened 
starlight. The very red TO1.6-2.2 color is probably due to 
substantial contribution at 2.2 /im by warm dust emission 
(at 600-1000 K). 

4) On average, the nuclear colors of the cold ULIGs 
are redder than those of the less-luminous cold LIGs (see 
Fig.. ||). Of the three ULIGs that contain at least one nu- 
cleus similar in color to the LIGs (IR 08572+3915S, PKS 
1345+12E, and IR 22491-1808W), this nucleus is signifi- 
cantly bluer than the other. The two LIGs observed to 
have extremely red colors (comparable to Arp 220) are IC 
883 and NGC 2623. 

5) The nuclei in VV114E and UGC 5101 have near- 
infrared colors which place them in the area of the color- 
color diagram occupied by warm ULIGs despite the fact 
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that their mid-infrared colors are cold (note that the ex- 
tremely r ed colors of VV1 14E have been previously dis- 
cussed by Knop et al. 1994 ). Their nuclear colors (Fig.. [5J) 
could be explained by the dust mixed with stars model, but 
it would require >> 50 magnitudes of visual extinction. 
The underlying galaxy-subtracted nuclear colors of Arp 
220E, Mrk 273S, and IR 17208-0018 (Table 5; Fig.. |) also 
place these galaxies in the warm galaxy section of the plot, 
but require a 60-70% contribution to the 2.2 fim light by 
1000K dust. Mid-infrared spectroscopy with ISO r evealed 
high ionizat ion state emission lines in Mrk 273 ( Gcnzcj 
et al. 1998| ), but it likely that these lines emanate from 
the northern nucleus. These may be examples of galaxies 
having substantial starbursts together with AGNs. 

6) On average, the ULIGs that are optically classified as 
seyferts are redder (in m1.6_2.2J than the HII region-like 
galaxies (Fig.. |. With the exception of IR 08572+3915S, 
the LINERs appear to be dispersed over the region red- 
ward of mi. 1-1.6 = 1-5 and m.1.6-2.2 = 0.5. 

7) In the 2 kpc-diameter aperture measurement (Fig. fj]) , 
the cold ULIGs and the LIGs move back toward the star- 
burst models with a few magnitudes of visual extinction. 
The outer ULIG regions are thus consistent with simple 
star formation models with reddening corresponding to Ay 
of a few mag., assuming a foreground screen of dust. 

5.2. Color-Color Diagram for Clusters 

In Fig. ||the mi.i-u and m.1.6-2.2 colors are shown for 
all of the measured clusters which have SNR > 5 in all 
three bands. While there is a large spread in both col- 
ors, most of the clusters have 1-1.6 < 1.5 mag and 
fii.6-2.2 < 1-0 mag. The majority are consistent with 
young star clusters (ages between 5 and 300 Myr) which 
are reddened by up to 3 magnitudes of visual extinction. 
The majority of the cluster sources have colors implying 
much lower reddening than the galactic nuclei (compare 
Figs. H and |J). Some of this is due to the fact that the 
clusters are most easily detected outside the nucleus where 
the dust extinction is less. The cluster extinction is also 
likely to be better-characterized by a foreground-screen 
model sinc e it is unlikely there is much dust inside the 
clusters (cf. VVhitmorc fc Schweizer 1995| ). 

The observed magnitudes of the clusters can be used to 
crudely estimate their bolometric luminosities and masses 
with some simplifying assumptions. First, the instanta- 
neous starburst models (described earlier) exhibit steeply 
rising near-infrared fluxes up to 10 7 yrs, at which point 
the 1-2.2 /xm fluxes change relatively slowly out to 10 9 
yrs. This is due to the dominance in the near-infrared of 
red supergiants from the starburst. Secondly, most of the 
cluster formation was probably triggered dynamically by 
galactic interaction and merging over a time > 3 x 10 7 
yrs. The combination of these two reasonable assump- 
tions, implies that most of the observed clusters are likely 
to be of age 10 7 -10 8 yrs - a period during which the colors 
are relatively constant and the bolometric corrections to 
convert from 1.6 /jm fluxes to bolometric luminosity are 
also relatively constant. For For ages of 3 x 10 6 , 10 7 , 10 s 
and 10 9 yrs, the 1.6 fxm bolometric corrections are -3.5, 
+0.45, +0.67 and +1.7 mag respectively (Bruzual & Char- 
lot 1993). For the estimates below, we simply adopt 
a fixed bolometric correction for the 1.6 /im band (i.e. 
Mfc o ;=Mi. 6 +0.6 mag), and assume no reddening. The ab- 



solute Mi. 6 are in the range -14.89 to -19.01 mag for the 
first-ranked clusters (Table 7). The derived bolometric lu- 
minosities of the brightest clusters range from 4xl0 7 to 
2xl0 9 L Q with a median value of 4xl0 8 L Q . 

The BC95 (Bruzual & Chariot 1993: an updated version 
called BC95 is used here, private communication) model 
for an instantaneous starburst with a Salpeter IMF be- 
tween 0.1 and 125 Mq can then be used to estimate the re- 
quired cluster mass from the 1.6 /im absolute magnitudes. 
At a typical age of 5x 10 7 yrs, the luminosity to mass ratio 
of these models is 15 Lq / Mq yielding mass of the first- 
ranked clusters in the range 3xl0 6 to 1x10 8 A/q with a 
median value of 3x 10 7 M . If the clusters were older than 
assumed above, the implied masses are of course greater. 
And for an IMF tuncated on the low mass end at 2.5M Q 
(instead of 0.1M Q ), the dervied masses are typically a 
factor of 3-4 less. For comparison, Galactic globular clus- 
ters have typical masses ~ 10 5 M Q (van den Bcrgh 1995) 
and even if the clusters seen here have a truncated IMFs, 
the inferred masses are well in excess of those expected for 
globular clusters. The clusters seen in the infrared lumi- 
nous galaxies must therefore be super-massive compared 
to known globular clusters and/or be unresolved associ- 
ations of many globular clusters. The very high masses 
implied by the assumption of a standard IMF extending 
to 0.1 Mq strongly suggest that the IMF cutoff at a higher 
mass. This is similar to the conclusion derived from opti- 
cal imaging by Surace et al. (1998) based on the measured 
sizes and brightnesses of the clusters in HST optical im- 
ages. 



6. RADIAL DISTRIBUTIONS 

The degree of nuclear concentration of the light as a 
function of wavelength, luminosity and galaxy type (i.e. 
optical spectral class or IR warm vs cold colors) can pro- 
vide important clues to the luminosity source and evo- 
lutionary state of the galaxies. In this section, we first 
discuss the radial surface brightness distributions before 
quantifying the central concentrations in terms of the half- 
light radii. 

6.1. Surface Brightness 

For each of the galaxy images, the radial surface bright- 
ness profile was computed from the mean brightness of 
pixels within each radial bin. In Figs, [j], the surface bright- 
ness (Jy arcsec -2 ) is shown as a function of angular (top 
scale) and linear radius (bottom scale) for each galaxy. In 
view of the irregular morphologies of most of these galax- 
ies, we did not fit elliptical isophotes to the image data 
but instead just adopted the apparent (projected) radius 
for these plots. The dynamic range from peak to the level 
of undetectable emission is typically three orders of magni- 
tude. In VV114 where there are two well-separated galax- 
ies of comparable magnitude, a radial profile was done 
separately for each galaxy; in the other cases only one 
profile was measured from the 2.2 /im peak position. In 
systems with two galaxies, the radial profiles show a sec- 
ond peak simply due to the secondary galaxy (eg. IRAS 
12112+0305 and IRAS 14348-1447). 

Comparison of the light profiles in the three bands 
clearly shows that in virtually all cases (except VV114W) 
the 2.2 fj,m flux (solid line in Figs. 0) is more centrally 
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peaked at the nucleus than that at 1.1 and 1.6 /tni (dotted 
and dashed lines). Throughout most of the galaxies, the 
absolute value of the surface brightness in Jy arcsec~ 2 is 
also higher at the longer wavelengths. The relative flux 
variations imply the stellar light must be highly reddened 
by dust. Moreover, both the dust and the youthful popu- 
lation must be concentrated at smaller radii. For the star- 
burst population described in §2.3, the colors are m 16 _ 2 .2 
~ 0.35 mag and mi. 1-1.6 ~ 0.65 mag after 5xl0 7 yrs 
which corresponds to/i. 6 //2.2 ~ 1.18 and /1.1//1.6 ^0.97. 
Since these colors are approximately the reddest obtained 
in the starburst models, the observed colors, with long 
wavelength fluxes exceeding the shorter wavelength, ne- 
cessitate substantial reddening and cannot be attributed 
solely to a youthful stellar population. 

In NGC 4418 and VIIZw031, the outer regions of the 
galaxies have apparently lower surface brightness at 2.2 



/im than in the 1.1 and 1.6 /mi bands; however, this oc- 



data was done and Table 8 summarizes the results. The 
radial range for the fitting was between 0.22" radius and 
the outer limit of detectable emission (typically a factor 
of 30 in radius). All model fitting was performed on the 
1.6 /im data (as opposed to the 2.2/mi data) in order to 
take advantage of the greater sensitivity of NICMOS at 
1.6/im. (Because the 2.2/mi fluxes are less reliable in the 
faint, outer regions of the galaxies, we also did not use the 
extinction-corrected surface brightness.) 

In 9 of 24 galaxies, the light profiles at 1.6 /im are fit 
better, (in the sense that the ratio of the x 2 from the 
two fits is greater than three) by an r 1 / 4 -law than by an 
exponential disk profile. These galaxies are NGC 4418, 
Zw049.057, NGC 2623, IC883, NGC 6240, UGC 5101, 
IRAS 10565+2448, Arp 220, IRAS 14348-1447. Several 
of these galaxies have been recognized in previous work 
as exhibiting an r 1 / 4 law : NGC 2623 flWright ct ~aT 
19901 IStandford k Bushouse 1991, IC883 (IStandford & 



Bughouse 1991D , and Arp 220 flWright ct al. 199C| ) and 



curs a t low flux levels where variations in the 2.2 /im back- 
ground may be responsible. In V V114W the higher flux at 
shorter wavelengths occurs at higher flux levels and clearly 
real. 

6.2. R 1//4 and Exponential Disk Radial Profiles 

Since it has been postulated that ULIGs may evolve 
into elliptical galaxies once the starburst subsides and the 
gas is either used up or expelled in a wind (Sanders et 
al. 1988a; Heckman, Armus & Miley 1990) the stellar sur- 
face brightness profiles of ULIGs might shed light upon 
their evolutionary state. To measure the stellar light dis- 
tribution in dusty systems, it is wise to go to the longest 
possible wavelengths, while still avoiding significant con- 
tamination from warm dust. Thus the near infrared is the 
ideal wavelength at which to measure the distribution of 
stars in ULIGs and compare the average profiles to mod- 
els fitting broad classes of elliptical or spiral Hubble types. 
Schweizer (1982) first showed that elliptical-like light pro- 
files could be seen in a merging system, in this case NGC 
7252 in the V-band, and thus provide strong evidence for 
relaxation of the stellar population and eventual evolu- 
tion into an elliptical galaxy. Among the first to perforin 
this experiment for LIGs and ULIGs were Wright et al. 
(1990), who noted that the near-infrared K-band surface 
brightness profiles of Arp 220 and NGC 2623 could be well 
fit with a de Vaucouleurs r 1//4 law (i.e. logE ^r 1 / 4 ) over 
reasonably large radii (~ 0.5 — 4 Kpc for Arp 220 and 
~ 0.8-4 Kpc for NGC 2623). It is important to note 
that both Arp 220 and NGC 2623 could also be well fit 
by exponential (spiral-like) surface brightness profiles, but 
only over a smaller range in radii (~ 2 — 4.5 Kpc for Arp 
220 and NGC 2623). 

The superior resolving power and sensitivity to small- 
scale features that is possible with NICMOS makes an ex- 
ploration of the radial surface brightness profiles of the 
galaxies in our sample worthwhile. We show the 1.6/im 
logarithmic surface brightness profile for each galaxy as a 
linear function of radius in Fig. ^. Here, a straight line 
fit would suggest a spiral-like stellar profile. Similarly, we 
show the 1.6/im logarithmic surface brightness for each 
system as a function of r 1 / 4 in Fig. |l^. An r 1 / 4 law profile 
will appear as a straight line in this figure. To evaluate 
quantitatively the r 1 / 4 -law and exponential-disk models, 
minimum \ 2 fitting of both models to the observational 



the scale lengths derived here (see Table 8) are similar to 
those derived previously by these authors. In the case of 
NGC 2623, the exponential disk form becomes acceptable 
if the nucleus is excluded. It is important to note, that 
the majority of the systems studied here (13 of 24) could 
be fit equally well by either an r 1/,4 -law or an exponential 
profile over the radii we are exploring with NICMOS. In 
only in one case, VV114E, was an exponential fit signif- 
icantly better than an r 1//4 -law fit. We also find that 8 
of the 9 galaxies fit well by the r 1 ^ 4 -law have cool IRAS 
colors (or equivalently have HH-like optical emission lines) 
while only one is warm. This correlation might arise since 
the cool ULIGs have more extended far infrared emission 
from an extended starburst population. The young stars, 
formed in a dynamically relaxed merger, eventually evolve 
to become bright in the near-infrared - possibly resulting 
in an r 1 ' 4 -law near-infrared light distribution. 

Our admittedly small statistics seem to indicate for 
those ULIGs and LIGs where a clear preference is shown 
for one type of fit over the other, this is usually an r 1 / 4 - 
law profile. Since our measurements cover a large range in 
radii for each source, and extend well beyond a typical spi- 
ral bulge radius in nearly all cases, this result is not simply 
stating the obvious fact that merging spiral galaxies have 
elliptical-like bulges. Instead, it suggests that the stellar 
population whose light dominates the inner 5 — 10 Kpc 
in these galaxies appears to be better approximated by a 
spheroidal as opposed to a disk-like orbital configuration. 
If the near-infrared light is dominated by young stars such 
as red supergiants, these stars must have formed during 
the merger and have already assumed elliptical-like orbits. 
Whether these systems end up forming giant ellipticals 
will depend on a number of factors - most importantly, 
the overall mass density of stars in the central regions and 
the quantity of ISM left over in a cold disk after the merg- 
ing is complete. Kormendy & Sanders (1992) have pointed 
out that in some of the ultra-luminous sytems (eg. Arp 
220), the central mass density is in fact similar to the of 
elliptical galaxy cores if the massive ISM component is in- 
cluded - the presumption is then that an elliptical galaxy 
could be the end product if a significant fraction of the 
ISM is converted into stars. However, these are extreme 
examples and it seems more likely that the lower lumi- 
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nousity infrared, merging galaxies will end up as spirals 
with massive central bulges. 

7. CURVE OF GROWTH AND HALF-LIGHT RADII 

The change in color and/or the degree of compactness 
in the light distribution of a galaxy can provide impor- 
tant clues as to the dominant energy source. An active 
galaxy (Seyfert or quasar) can emit a significant fraction 
of its energy at all wavelengths on very small scales (tens 
of pc or smaller), whereas this is impossible for a star- 
burst. The more luminous a system is, the harder it is to 
pack the requisite number of young stars and supernovae 
into a small enough volume without disrupting the star- 
burst completely via the action of stellar and supernovae- 
driven winds. Although star formation in luminous in- 
frared galaxies is believed to occur over relatively small (as 
compared to an entire galaxy) scales, sizes of a few hundred 
parsecs to a few Kpc have been measured from CO and 
emission-line gas observations. Since most of the energy 
in luminous and ultraluminous infrared galaxies emerges 
in the mid and far-infrared, this is the logical part of the 
spectrum from which to judge the size of the power source. 
A number of authors have presented mid-infrared images 
or estimates of the compactness at 10/xm in some of the 
nearest LIGs and ULIGs with beams ranging from 2 — 10" 
(Becklin & Wynn- Williams 1987; Matthews et al. 1987; 
Carico et al. 1988; Sanders et al. 1988a, etc.) and have 
found a strong trend toward increasing compactness for 
systems with luminosities above ~ 10 11_12 Lq. However, 
since the nearest ULIG (Arp 220) has a scale approach- 
ing 300pc/", these observations, with the exception of the 
drift-scan measurement of Mrk 231 by Matthews et al. 
(1987) which did place an upper limit of 0.5" FWHM on 
the size of the emitting region in Mrk 231, could not rule 
out dense, luminous starbursts as the source of the enor- 
mous energies. 

In the near-infrared, we are measuring starlight, hot 
dust, and/or non-thermal emission from a central active 
nucleus. Therefore we may not be directly probing the 
material responsible for the far-infrared emission in LIGs 
or ULIGs. However, the sharp and relatively stable PSF 
provided by NICMOS can be used to place a limit on the 
maximum amount of unresolved near-infrared light com- 
ing from the nucleus in each of our sample galaxies, and 
allow us to measure the compactness of these sources on 
scales often well below 100 pc. If a significant fraction 
of the total near-infrared light is unresolved at NICMOS 
resolution, it may provide strong evidence for an active 
nucleus. 

In this section, we quantify the degree of central concen- 
tration of the light in the luminous and ultraluminous in- 
frared galaxies in order to investigate trends in the nuclear 
contribution as a function of luminosity, merger evolution- 
ary stage and nuclear characteristics. To accomplish this, 
in a manner which is relatively independent of distance 
effects, we compute the total flux with 3 kpc projected ra- 
dius of the 2.2 /jm peak and then calculate the percentage 
of this flux contained as a function of radii less than 3 kpc 
(Fig. [ll|). These curves of growth can then be used to as- 
sess the contribution of a compact source (i.e., a puatative 
AGN) to the total flux. The vertical bar on the top border 
indicates an angular radius of 0.12", corresponding to the 
radius (HWHM) of the diffraction resolution at 2.2 ^tm. 



Inspection of Fig. [Tl] reveals that seven of the galax- 
ies have a significant percentage (> 30%) of their 
flux originating within ~ 0.12" radius : NGC 7469, 
IRAS 08572+3915, IRAS 05189-2524, PKS1345+12, IRAS 
07598+6508, Mrk 1014, and 3C48 (not shown here). All 
of the seven galaxies with significant nuclear point-source 
contributions are also classified as warm in terms of their 
mid-infrared colors, yet there are warm galaxies which do 
not exhibit significant point-like nuclei (eg. NGC 4418). 
Similar conclusions can be drawn with respect to the op- 
tical spectral classification - i.e. most of the galaxies with 
nuclear point sources contributing significantly in the near- 
infrared are classified as Seyfert or QSO, yet not all of the 
galaxies with AGN-like spectra have significant nuclear 
point sources at the resolution of these data. Although 
these qualitative correlations are not unexpected, it should 
be underscored that we are here finding that, quantita- 
tively, a significant fraction of the flux in the near-infrared 
is nucleated in these seven sources. At the same time, 
it is important to recognize that even in those galaxies 
with strong point-like nuclei, there is usually also a similar 
contribution from a component which is clearly extended. 
Since it would be very difficult to have this extended com- 
ponent actually be scattered nuclear light, this extended 
flux is almost certainly stellar in nature. The half-light 
radii and mid-infrared color classifications are given for 
the entire sample in Table 9. 

A visual summary of the near-infrared nuclear concen- 
tration of our sample LIGs and ULIGs is provided by Fig. 
12 which shows the radii (-R1/2) in which 50% of the to- 
tal flux (at R < 3kpc) is enclosed for all of the galaxies 
as a function of their far-infrared luminosities, for both 
the 1.1/Ltm and 2.2/xm data. (These half-light radii are 
not correlated with distance of the galaxies and hence, 
the measured variations are real.) As described above, 
nearly all of the compact galaxies, those with R1/2 < 0.5 
Kpc, are warm (or equivalently have AGN or LINER opti- 
cal emission line classifications), although there are a few 
cold systems (IRAS 12112+0305, NGC 2623, Zw049.057, 
and UGC 5101) that are nearly as compact at 2.2/im. As 
a group, the cold systems show a much larger spread in 
R1/2 than do the warm systems. Figure [j^ also clearly 
demonstrates that there is no correlation between the to- 
tal far-infrared luminosity and the presence or absense of 
a significant nuclear point-source in the near-infrared. 

Lastly, it is worth noting that R1/2 is generally smaller 
at 2.2 /zm than at either 1.1 or 1.6 /im. This is demon- 
strated in Fig. [[3] which shows the ratio of R1/2 in each 
band. In virtually all cases, the 1.1 or 1.6 /im sizes are 
similar and their ratio is tightly clustered near unity while 
the ratio of the 2.2 to 1.1 /im sizes is typically ~ 0.6 with a 
larger range. (The three exceptions are all systems where 
the nuclear point source is dominant and the larger size 
at 2.2 /im is simply due to the larger PSF size at longer 
wavelengths.) The smaller sizes of the cores at 2.2 /im 
are very likely due to the large dust extinctions at shorter 
wavelengths which lead to an underestimation of the true 
nuclear emission component. The nuclei are systematically 
much redder in color than the inner galactic disks. 
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Both the analysis of the galaxy colors and light profiles 
suggest that much of the near-infrared light from the cold 
galaxies is stellar in origin. While ground-based, near- 
infrared spectroscopy of luminous infrared galaxies shows 
evidence for a mixture of red supergiant light, emission 
from hot dust, and possibly a metal- rich giant popula- 
tion ( iRidgway, Wynn- Williams fc Bccklin 1994 ; Goldadei 

•HP 



et al. 1 1995| ; |Shicr, Rieke fc Ricke 1996|) , the high surface 



brightness of the nuclei relative to the underlying galaxy at 
1-2 /im and the size of the slits used for the near-infrared 
spectroscopy (3") indicate that the strong CO a bsorption 
often seen is likely coming from the nuclei only (Armus et 
al. 19||. 

Regardless whether or not the extended light comes 
from stars produced as a result of the merger, recent 8- 
25 imaging of two galaxies in the sample provide strong 
evidence that only the high surface brightness nuclear fea- 
tures observed in the near-infrared contribute significantly 
to the overall bolometric luminosity of these galaxies. Mid- 
infrared observations by Soifer (1998) show conclusively 
that the 25 /im flux of Arp 220 is produced within the 
nuclear region containing the two nuclei, and Evans et al. 
(1999a) conclude that the 8-25 /*m emission in NGC 4418 
is compact, indicated that most of the bolometric luminos- 
ity of the galaxy is coming from a region < 0.5" in diam- 
eter. Thus, the starlight or AGN responsible for heating 
the dust in these galaxies resides in the compact nuclear 
regions, which in many cases, are just becoming visible at 
near-infrared wavelengths. 

9. CONCLUSIONS 

The high resolution HST-NICMOS images presented 
here for a sample of 24 luminous infrared galaxies have 
revealed extremely diverse morphology, probably reflect- 
ing their varying stages of galactic merging/interaction 
and evolution. Eleven of the 24 systems exhibit dou- 
ble nuclei with projected separations between 0.4 and 7 
kpc. Eleven of the 24 systems also have point-like nu- 
clear sources and in 7 of these galaxies, the nuclear sources 
produce a significant fraction (~ 50%) of the total near- 
infrared flux. All but one of the systems with significant 
nuclear sources is classified as warm based on their mid- 
infrared colors. These 7 galaxies also possess nuclei with 
red near-infrared colors indicative of QSO light mixed with 
varying amounts of hot dust. With the exception of UGC 
5101 and VV114E (and possibly three others), all of the 
cold galaxies have nuclear near-infrared colors consistent 
with reddened starlight. 



The bright clusters seen in virtually every one of these 
galaxies have near-infrared colors consistent with ages 
> 5 x 10 7 yrs and their luminosities range up to 2 x 10 9 
Lq. In a few cases, they are preferentially situated along 
the area of overlap of the two galactic disks (eg. NGC 
6090 and VV114) and were therefore probably formed by 
hydrodynamic gas compression of the ISM. Their masses 
are typically a factor of 100 greater than Galactic globular 
clusters and therefore they are not simply young globular 
clusters. 

The relative contributions of AGNs and starlight to the 
near-infrared luminosity varies among the sample galaxies. 
The 7 systems with significant nuclear point-sources are 
likely to have significant AGN contributions since they also 
have optical emission line ratios characteristic of a hard- 
spectrum ionization source. On the other hand, for the 
rest of the sample, most of the near-infrared flux clearly 
originates outside the central 100-300 pc, and even in those 
systems with significant nuclear sources there is still ap- 
proximately 50% of the near-infrared emanating from a 
spatially extended stellar population. 

Nine of the 24 systems exhibit an approximate r 1 / 4 law 
(typically over a factor of 30 in radius), suggesting that 
these systems will eventually become spirals with very 
massive central bulges or possibly even giant elliptical 
galaxies - the latter only if the remaining ISM is converted 
into stars at high efficiency. The majority of the sample 
galaxies, however, show no statistically significant prefer- 
ence for either an r 1 / 4 or exponential surface brightness 
profile over the range in radii probed by NICMOS. 

We wish to acknowledge general contributions from 
many members of the NICMOS IDT which were critical 
to the success of these observations. C. Boone helped with 
an extensive literature search during the planning of these 
observations and G. Neugebauer, T. Soifer, J. Goldader, 
K. Matthews, N. Trentham, and J. Carpenter provided 
helpful discussions. Sylvain Veilleux providing very help- 
ful suggestions as referee. We also thank R. Brunner and 
S. Odewahn for help with Source Extractor. The NICMOS 
project has been supported by NASA grant NAG 5-3042 
to the NICMOS instrument definition team. This paper is 
based on observations with the NASA/ESA Hubble Space 
Telescope obtained at the Space Telescope Science Insti- 
tute, which is operated by Association of Universities for 
Research in Astronomy, Incorperated, under NASA con- 
tract NAS5-26555. 



APPENDIX 
ADAPTIVE FILTERING 

To show both the small scale structure of bright sources and at the same time bring out the extended low-surface 
brightness emission in the galaxy envelopes, we developed a variable resolution convolution routine (in IDL) which 
smooths the image with a boxcar filter with the resolution of the boxcar depending on the local signal-to-noise ratio in the 
image. The noise is measured near the sides of each image and the filter width at each pixel was set to 7 x S(x, y)/a where 
S(x,y) and a are the flux at each pixel and the rms noise. The gain constant, 7, was set to ~ 60 (based on trial runs). 
(Since the width could become very large where the signal was very weak, the maximum filter width was limited to the 
10% of image width.) For contour images involving one wavelength, the local filter width followed the above prescription 
using the flux in the individual image, but for images involving the combination of more than one band (eg. the ratio 
images or for calculating the reddening - see below), the filter functions were determined for each band separately and 
then the applied filter at each pixel was taken to be the lowest resolution determined on cither image. This ensured that 
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the combined image involved data at the same resolution. In addition, for combined images, both were also smoothed by 
an 0.2" resolution (FWHM) Gaussian filter after having been passed through the adaptive filtering routine. 

An illustration of the variable smoothing is shown in Figure In the right panel, a contour map of the unsmoothed 
image is shown, while on the left is the same data with the variable smoothing applied. The contours levels are the 
identical for the two images and it can be clearly seen that the apative filtering managed to retain all the original detail 
where the signal was high but also brought out the low level signals much more clearly. It is noteworthy also the bright 
sources in the outer part of the galaxy (where the adjacent background is low) are also retained at the nearly the original 
resolution - that is the filter resolution adjusts quickly to compact bright sources. The adaptive filtering used here has 
the advantages of being both conceptually simple and yieldi ng a predictable resolution. Similar approaches have been 
explo red before, although prim arily for processing x-ray data Lorcnz ct al. 1993; Blezak, Durret, & Gerbal 1994; Bivianc 
et al. |1996| ; |Surace et al. 1999| ). 
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Fig. 1. — The sample galaxies arc plotted as a function of Li r at A=8-1000 (im and the IRAS 25/im/60/im flux ratio. The classification 
of the optical emission line ratios are indicated by the different symbols. The vertical line at 25/im/60^tm = 0.2 divides the sample into cold 
and warm mid-infrared spectral types. 

Fig. 2. — Three color images are shown for each galaxy arranged in order of increasing luminosity. The maximum area with detectable 
emission is displayed. The blue (1.1/im), green (1.6 fim) and red (2.2 (im) were individually log-stretched to bring out the maximum structure 
and to enhance the observed color gradients. 
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Fig. 3. — Shaded contour plots are shown for the central region of each galaxy arranged in order of increasing luminosity. The 1.1 (upper 
left), 1.6 (upper right) and 2.2 (lower left) (im images are plotted with logarithmic shading and contours spaced by factors 2 1 / 3 . The labelled 
contour values are the same for all galaxies; the lowest level ('1') is at a surface brightnes of 10 -5 Jy arcsec — 2 and every 5'th contours is 
thickened and labelled (i.e. 5: 2.510 -5 , 10: 7.810 -5 , 15: 2.510 -4 , 20: 7.710 -4 , 25: 2.4.110 -3 , 30: 7.6. 310 -3 , 35: 2.410 -2 , 40: 7.510 -2 , 45: 
0.23 and 50: 0.74 Jy arcsec _2 .The ratio of the 2.2 and 1.1 fim images (lower right) has contours spaced by a factor of 2 1 / 3 starting from a 
value of 0.5. The arcsec displacements in RA and DEC, given along the borders are measured from the 2.2 fim in all frames. At the upper 
left, a length bar is drawn. For the galaxies with strong point-sources, the PSF was fit to the source and then subtracted and replaced by a 
Gaussian with the proper integrated flux (see text - NGC 7469, IRAS 08572+3915, IRAS 05189-2524, PKS 1345+12, IRAS 07598+6508, Mrk 
1014 and 3C48). As described in the text, the image data has been smoothed with an adaptive smoothing algorithm to reduce the noise (and 
spatial resolution) in lower brightness areas but retain the full resolution where the brightness is high (see Appendix). For the ratio image, 
both the 2.2 and 1.1 /im images were smoothed with the same adaptive smoothing and then smoothed with a Gaussian FWHM = 0.2". In 
cases where a strong point-source or variable background contaminated the 2.2 (im image, the ratio was based on the 1.6 and 1.1 (im images. 

Fig. 4. — Shaded contour plots of the extinction corrected 2.2 /im emission are shown together with the 1.1 (im (upper left) observed 
emission. Iii both panels, the contours and shading are logarithmic with the contours spaced by factors 2 1 / 2 . (The level values are the same 
as for Fig. H). The arcsec displacements in RA and DEC, given along the borders are measured from the 2.2 fim in all frames. At the upper 
left, a length bar is drawn. For the ratio image, both the 2.2 and 1.1 fim images were smoothed with the same adaptive smoothing and then 
smoothed with a Gaussian FWHM = 0.2" in calculating the 2.2 fim opacity from Eq. 3 (see text). In cases where a strong point-source or 
variable background contaminated the 2.2 (im image, the extinction corrected image was derived for 1.6 fim. For the galaxies with strong 
point-sources, the PSF was fit to the source and then subtracted and replaced by a Gaussian with the proper integrated flux (see text - NGC 
7469, IRAS 08572+3915, IRAS 05189-2524, PKS 1345+12, IRAS 07598+6508, Mrk 1014 and 3C48). 

Fig. 5. — mi. i_i. g and mi. 6— 2.2 color-color diagram for the sample of galaxies with the fluxes measured in a 1.1" diameter aperture 
with the adjacent background galaxy subtracted (i.e., 'nuclear' fluxes). The different symbols denote the luminosity and warm/cold galaxy 
classification. The locus for the evolution of an instantaneous starburst with Salpeter IMF is also show. The typical colors of free-free emission 
and optical PG QSOs are shown, the latter is plotted with variable percentages of 2.2 fim emission due to warm dust (see text). Lastly, 
the reddening vector based on the extinction curve of Rieke & Lebofsky (1985) is shown for two cases : a foreground screen of dust (the 
straight vector) and a model in which the dust is uniformly mixed with the emitting sources (the curved track). The models were redshifted 
to z= 0.05, corresponding to a typical redshift of the galaxies observed here. 

Fig. 6. — Color-color diagram similar to Fig. ^ except the symbols denote the optical emission-line classification of the galaxies. Data for 
LIGs are plotted as unfilled symbols, and the data for ULIGs are plotted as filled symbols. 

Fig. 7. — Color-color diagram similar to Fig. tj except a fixed 2 kpc-diameter aperture was used. In the cases where the sources were too 
distant to use a 2 kpc-diameter aperture (i.e., PKS 1345+12, IR 07598+6508, Mrk 1014, 3C 48), a l.l"-diamctcr aperture measurement was 
used. 

Fig. 8. — Color-color diagram similar to Fig. [| for the cluster sources with SNR > 5. 

Fig. 9. — Mean surface brightness (Jy "~ 2 ) as a function of projected radius in arcsec (top scale) and kpc (bottom scale) from the 2.2 
/im peak in each galaxy. The 1.1, 1.6 and 2.2 fim surface brightnesses are plotted with solid, dashed and dotted lines respectively. Only in 
VV114, is the surface brightness plotted separately for the two galaxies; in some of the other objects, the secondary galaxy contribution can 
be seen as a peak at large offsets (eg. IRAS 14348-1447). The vertical bar on the top border indicates an angular radius of 0.12" (the radius 
of the diffraction resolution at 2.2 fim). 

Fig. 10. — Mean surface brightness (Jy "~ 2 ) as a function of projected /J 1 / 4 in kpc from the 2.2 fim peak in each galaxy. The 1.1, 1.6 
and 2.2 fim surface brightnesses are plotted with dotted, dashed and solid lines respectively. The vertical bar on the top border indicates an 
angular radius of 0.12"(the radius of the diffraction resolution at 2.2 fim). 

Fig. 11. — The percentage of the integrated flux at projected radius 3 kpc is shown as a function of R (in Kpc). The 1.1, 1.6 and 2.2 
fim growth curves are plotted with dotted, dashed, and solid lines respectively. The warm(W) or cold(C) classification of the mid-infrared 
emission of the galaxy is noted in the upper left and the vertical bar on the top border indicates an angular radius of 0.12" (the radius of the 
diffraction resolution at 2.2 fim). 

Fig. 12. — The radius containing 50% of the total flux inside 3 kpc is plotted as a function of Li r for galaxies with warm (W) and cold (C) 
mid-infrared color classification. The upper panel shows the half-light radius for the 1.1 fim emission and the lower panel that for the 2.2 fim 
emission. 

Fig. 13. — The ratios of half-light radii at 1.6 to 1.1 fim (upper panel) and 2.2 to 1.1 fim (lower panel) are shown as a function of Li r for 
galaxies with warm (W) and cold (C) mid-infrared color classification. The two warm objects with large R,(2.2)/R(l.l) are simply unresolved. 

Fig. 14. — Example of the use of the variable smoothing algorithm as applied to the 1.1 and 2.2 fim images for IRAS 17208-0014. In the 
upper panels are contours drawn from the original images and on the bottom contours drawn after the adaptive smoothing was applied. The 
contours a logarithmic, spaced by factors 2 1 ' 2 and are the same for all four panels. No attempt was made to remove PSF effects and the 
color fringes around such sources are due to the increasing width of the PSF at longer wavelengths (see text). 
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Table 1 

Luminous IR Galaxies Observed w/ NICMOS 



Name 


Nuclear Spec. 


IR Class. 


z 


log L ir 


log M(H 2 ) 


NIR Morphology 


NGC 4418 


l 


W 


.007 


11.0 


9.00 


Nuclear dust disk 


Zw049.057 


H II a 


C 


.0131 


11.22 


8.78 


Inclined dusty disk 


NGC 6090 


H II a 


C 


.0294 


11.51 


10.15 


Double Galaxy, clusters and Pt. Nuc. 


NGC 2623 


l 


C 


.0185 


11.54 


9.77 


Spiral w/ clusters 


IC 883 


LINER" 


C 


.0231 


11.60 


9.87 


Disk w/ dusty spiral 


NGC 7469 


Seyfert 1° 
H II a 


w 


.0166 


11.60 


9.96 


Pt. nucleus w/ spiral 


VV 114 


c 


.0201 


11.62 


10.44 


Double galaxies 


NGC 6240 


LINER" 


c 


.0243 


11.82 


10.29 


Double nuclei (1.6") 


VIIZw031 


H II 6 


c 


.0542 


11.94 


10.69 


Asymmetric Spiral 
Double nuclei(?) (0.7") + clusters 


IRAS 15250+3609 


LINER" 


c 


.0534 


12.00 




UGC 5101 


LINER" 


c 


.0400 


12.01 


10.44 


Pt. nucleus with disk 


IRAS 10565+2448 


H II a 


c 


.0430 


12.02 


10.34 


Double galaxies (8") w/ tail 
Double galaxies (5") w/ tail 


IRAS 08572+3915 


LINER" 


w 


.0582 


12.09 


9.79 


IRAS 05189-2524 


Q SO a,2,3 


w 


.0427 


12.10 


10.37 


Pt. nucleus 


IRAS 22491-1808 


H II" 


c 


.0773 


12.10 


10.43 


Double nuclei (1.6") + tails 


Mrk 273 


Seyfert 2 C 


c 


.0378 


12.11 


10.24 


Pt. double nuclei (l") 


Arp 220 


LINER C 


c 


.0185 


12.19 


10.00 


Double nuclei (l") w/ dust 

Double nuclei (3") 
Double nuclei (3") w/ tail 
Double Nuclei (3.5") 


PKS 1345+12 


Seyfert 2<=' 2 


w 


.1224 


12.22 


10.78 


IRAS 12112+0305 


LINER C 


c 


.0727 


12.26 


10.62 


IRAS 14348-1447 


LINER" 


c 


.0825 


12.27 


10.78 


IRAS 17208-0014 


H II" 


c 


.0429 


12.40 


10.71 


Nuclear disk w/ clusters 


IRAS 07598+6508 


Seyfert l c ' 4 


w 


.149 


12.45 


10.73 


Pt. nucleus + extended structure 


Mrk 1014 


QSO d 


w 


.163 


12.49 


10.61 


QSO + spiral disk 


3C 48 


QSR d 


w 


.398 


12.50 


10.55 


QSO with extended structure 



References. — Emission line classifications: (a) Vcillcux, Kim & Sanders (1999); (b) Djorgovski ct al. (1990); (c) Kim, Vcillcux, 
& Sanders (1998); (d) Schmidt & Green (1983). 

1 Rcliablc optical emission-line classifications of these two galaxies do not exist. 

2 Vcilleux, Sanders & Kim (1999) have detected broad Pact emission from these galaxies, indicating that it contains a buried 
quasar nucleus. 

3 Young et al. (1996) have detected a QSO-like broad-line region in scattered light. 
4 Hines & Wills (1995) classify this as a BALQSO. 



Scoville et al. 



Table 2 
Journal of Observations 



Name 


Date 


Integration Time (sec) 






1.1 1.6 /im 2.2 ^im 



NGC 4418 


1997 Nov 26 


352 


352 


480 


Zw049.057 


1997 Dec 29 


160 


224 


256 


NGC 6090 


1997 Nov 10 


384 


384 


544 


NGC 2623 


1997 Nov 19 


352 


352 


480 


IC 883 


1997 Nov 21 


352 


352 


480 


NGC 7469 a 


1997 Nov 10 


352 


352 


480 


VV 114E 


1998 Aug 03 


224 


224 


280 


VV 114W 


1998 Aug 03 


224 


224 


280 


NGC 6240 a 


1998 Feb 12 


160 


192 


224 


VII Zw 31 


1997 Nov 17 


600 


600 


680 


IRAS 15250+3609 b 


1997 Nov 19 


224 


224 


320 


UGC 5101 


1997 Nov 07 


560 


560 


680 


IRAS 10565+2448 


1997 Nov 29 


480 


480 


600 


IRAS 08572+3915 b 


1997 Nov 11 


224 


160 


288 


IRAS 05189-2524 b 


1997 Dec 09 


224 


224 


288 


IRAS 22491-1808 


1997 Nov 21 


480 


480 


600 


Mrk 273 b 


1997 Dec 10 


256 


256 


320 


Arp 220 b 


1997 Apr 04 


1024 


1024 


1024 


PKS 1345+12 


1997 Dec 05 


480 


480 


600 


IRAS 12112+0305 b 


1997 Nov 15 


192 


192 


224 


IRAS 14348-1447 


1997 Dec 31 


480 


480 


600 


IRAS 17208-0014 b 


1997 Oct 26 


224 


224 


288 


IRAS 07598+6508 


1997 Nov 11 


224 


224 


256 


Mrk 1014 


1997 Dec 13 


480 


480 


600 


3C 48 


1997 Dec 11 


480 


480 


600 



a 2.2 /jm Observations of a PSF star obtained during this orbit. 

b l.l, 1.6, and 2.2 /im observations of a PSF star obtained during 
this orbit. 
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Table 3 

Morphological Features in IR Luminous Galaxies 



Name Nuclear Pt. Source a Nuclear Clusters Spiral b Nuclear 

Separation Dust c 





1.1 


1.6 


2.2^m 




kpc 








Mr 1 n a a i ft 

IN^rLy 4415 














? 


v 

I 


Zw049.057 












Y 


Y 


Y 


NGC 6090 


Y 


Y 


Y 


6.0" 


3.4 


Y 


Y 




NGC 2623 












Y 


Y 




IC 883 












Y 




Y 


NGC 7469 


Y 


Y 


Y 


80" 


26 


Y 


Y 




VV 114 








14" 


4.7 


Y 


Y 




NGC 6240 








1.6" 


0.8 


Y 




Y 


VIIZw031 












Y 


Y 




IRAS 15250+36 








(0.7" 


0.7) 


Y 






UGC 5101 






Y 


Y 


Y 




IRAS 10565+2448 








8.0" 


6.7 


Y 


Y 




IRAS 08572+3915 


Y 


Y 


Y 


5.0" 


5.6 


Y 






IRAS 05189-2524 


Y 


Y 


Y 












IRAS 22491-1808 








1.6" 


2.4 


Y 




Y 


Mrk 273 






Y 


1.0" 


0.7 


Y 




Y 


Arp 220 








0.9" 


0.4 


Y 




Y 


PKS 1345+12 


Y 


Y 


Y 


3.0" 


7.1 






Y 


IRAS 12112+0305 






Y 


3.0" 


4.2 






Y 


IRAS 14348-1447 








3.5" 


5.6 


Y 


Y 




IRAS 17208-0014 












Y 






IRAS 07598+6508 


Y 


Y 


Y 












Mrk 1014 


Y 


Y 


Y 








Y 




3C 48 


Y 


Y 


Y 













a Point source at resolutions 0.1 - 0.2 "at 1.1 - 2.2 fim 
b Spiral Arms seen in central 100 pc to 1 kpc. 
c Strongly variable reddenning in nucleus. 
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Table 4 
Aperture Photometry 



IN cLIIlti 


r^pi^L LUIc 


m i.i 


m 1.6 


m 2.2 m l.l 


- m 1.6 


m 1.6 " m 2.2 
















NGC 4418 


1.1" 


14.98 


13.85 


13.26 


1.13 


0.59 




5.0" 


13.22 


12.21 


11.77 


1.00 


0.44 




11.4" 


12.54 


11.62 


11.25 


0.91 


0.36 


Zw049.057 


1.1" 


16.02 


14.72 


13.98 


1.30 


0.74 




5.0" 


13.88 


12.69 


12.16 


1.19 


0.54 




11.4" 


10.25 


9.33 


8.48 


0.92 


0.85 


NGC 6090E 


1.1" 


15.49 


14.51 


14.04 


0.99 


0.47 




5.0" 


13.46 


12.52 


11.96 


0.94 


0.56 




11.4" 


12.93 


12.00 


11.40 


0.93 


0.60 


NGC 6090W 


1.1" 


16.45 


15.62 


15.19 


0.83 


0.43 




5.0" 


14.59 


13.79 


13.42 


0.80 


0.38 


NGC 2623 


1.1" 


15.10 


13.29 


12.10 


1.81 


1.19 




5.0" 


13.52 


12.16 


11.37 


1.36 


0.79 




11.4" 


12.80 


11.58 


11.08 


1.22 


0.49 


IC 883 


1.1" 


16.08 


14.32 


13.11 


1.76 


1.21 




5.0" 


13.92 


12.58 


11.69 


1.34 


0.88 




11.4" 


13.16 


12.00 


11.24 


1.16 


0.76 


NGC 7469 


1.1" 


12.41 


11.14 


9.89 


1.27 


1.25 




5.0" 


11.43 


10.23 


9.23 


1.20 


1.00 




11.4" 


11.14 


9.96 


9.05 


1.18 


0.92 


VV 114E 


1.1" 


16.06 


14.34 


12.62 


1.72 


1.72 




5.0" 


13.63 


12.22 


11.25 


1.41 


0.97 




11.4" 


12.87 


11.63 


10.80 


1.24 


0.83 


VV 114W 


1.1" 


15.63 


14.85 


14.52 


0.78 


0.33 




5.0" 


13.46 


12.65 


12.30 


0.81 


0.32 




11.4" 


12.66 


11.82 


11.47 


0.84 


0.35 


NGC 6240S 


1.1" 


13.75 


12.25 


11.36 


1.50 


0.89 




5.0" 


12.61 


11.18 


10.34 


1.42 


0.84 




11.4" 


12.11 


10.72 


9.92 


1.39 


0.80 


NGC 6240N 


1.1" 


14.83 


13.45 


12.72 


1.38 


0.74 




5.0" 


12.62 


11.19 


10.36 


1.42 


0.83 




11.4" 


12.10 


10.71 


9.91 


1.39 


0.80 


VIIZw031 


1.1" 


15.33 


14.05 


13.29 


1.28 


0.75 




5.0" 


13.65 


12.43 


11.68 


1.21 


0.76 




11.4" 


13.21 


12.06 


11.22 


1.15 


0.83 


IRAS 15250+3609 


1.1" 


16.18 


14.90 


14.06 


1.27 


0.84 




5.0" 


14.63 


13.58 


12.99 


1.05 


0.59 




11.4" 


14.46 


13.41 


12.77 


1.06 


0.64 


UGC 5101 


1.1" 


14.92 


13.32 


11.77 


1.61 


1.55 




5.0" 


13.66 


12.25 


11.09 


1.41 


1.16 




11.4" 


13.22 


11.88 


10.84 


1.34 


1.04 


IRAS 10565+2448 


1.1" 


14.84 


13.42 


12.49 


1.42 


0.93 




5.0" 


13.64 


12.38 


11.60 


1.26 


0.79 




11.4" 


13.38 


12.18 


11.46 


1.20 


0.72 


IRAS 08572+3915N 


1.1" 


17.45 


15.80 


13.53 


1.65 


2.27 




5.0" 


16.21 


14.80 


13.20 


1.42 


1.59 




11.4" 


15.85 


14.20 


13.06 


1.64 


1.15 


IRAS 08572+3915S 


1.1" 


16.87 


15.86 


15.76 


1.01 


0.11 




5.0" 


16.68 


15.64 


15.74 


1.04 


-0.09 


IRAS 22491-1808W 


1.1" 


16.61 


15.62 


15.08 


0.99 


0.54 




5.0" 


15.09 


14.06 


13.59 


1.04 


0.46 




11.4" 


14.67 


13.71 


13.70 


0.96 


0.01 


IRAS 22491-1808E 


1.1" 


17.34 


16.11 


15.37 


1.23 


0.74 


IRAS 05189-2524 


1.1" 


13.56 


11.83 


10.33 


1.73 


1.50 




5.0" 


13.06 


11.48 


10.08 


1.58 


1.40 
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Table 4 — Continued 



Name 


Aperture 


mi l 


mi 6 


1112 2 


nii i - nii r nii « 


- ni2 2 




(Diameter) 














11.4" 


13.02 


11.40 


10.02 


1.61 


1.38 


Mrk 273S 


1.1" 


16.04 


14.52 


13.29 


1.52 


1.22 




5.0" 


13.60 


12.36 


11.55 


1.24 


0.80 




11.4" 


12.94 


11.79 


11.15 


1.14 


0.64 


Mrk 273N 


1.1" 


15.36 


13.93 


12.91 


1.44 


1.02 




5.0" 


13.56 


12.33 


11.53 


1.23 


0.80 


Arp 220W 


1.1" 


15.93 


14.00 


12.79 


1.93 


1.21 




5.0" 


13.76 


12.21 


11.22 


1.55 


0.99 




11.4" 


12.84 


11.54 


10.74 


1.30 


0.80 


Arp 220E 


1.1" 


16.50 


14.49 


13.13 


2.01 


1.36 


PKS 1345+12W 


1.1" 


16.66 


15.45 


13.96 


1.20 


1.49 




5.0" 


15.10 


14.00 


13.02 


1.10 


0.98 




11.4" 


14.42 


13.34 


12.42 


1.07 


0.92 


PKS 1345+12E 


1.1" 


16.86 


15.85 


15.31 


1.01 


0.54 


IRAS 12112+0305S 


1.1" 


16.88 


15.37 


14.37 


1.51 


1.00 




5.0" 


15.74 


14.42 


13.72 


1.32 


0.70 




11.4" 


14.86 


13.58 


12.96 


1.28 


0.62 


tt~) A 01 01 i o i none AT 

1RAS12112+0305JN 


1.1 


15.81 


1 A C O 

14.62 


i o on 

13.89 


1 in 

1.19 


0.72 


IRAS 14348-1447S 


1.1" 


16.58 


15.09 


14.19 


1.49 


0.90 




5.0" 


15.23 


14.02 


13.35 


1.22 


0.66 




11.4" 


14.63 


13.45 


12.91 


1.18 


0.54 


IRAS 14348-1447N 


1.1" 


17.24 


15.71 


14.92 


1.53 


0.79 




5.0" 


15.70 


14.36 


13.86 


1.35 


0.50 


IRAS 17208-0014 


1.1" 


16.15 


14.33 


13.12 


1.82 


1.21 




5.0" 


14.02 


12.58 


11.74 


1.44 


0.83 




11.4" 


13.38 


12.09 


11.49 


1.30 


0.60 


IRAS 07598+6508 


1.1" 


13.40 


12.02 


10.51 


1.38 


1.51 




5.0" 


13.24 


11.82 


10.34 


1.42 


1.48 




11.4" 


13.23 


11.78 


10.34 


1.45 


1.44 


Mrk 1014 


1.1" 


14.80 


13.56 


12.25 


1.24 


1.31 




5.0" 


14.41 


13.16 


11.98 


1.25 


1.18 




11.4" 


14.37 


13.04 


11.97 


1.34 


1.075 


3C 48 


1.1" 


14.87 


14.00 


12.82 


0.87 


1.18 




5.0" 


14.71 


13.76 


12.64 


0.95 


1.12 




11.4" 


14.73 


13.74 


12.65 


0.99 


1.08 



Scoville et al. 



Table 5 
Nuclear Photometry 81 



Name mi.i mi. 6 m 2 .2 mi.i - mi. 6 mi. 6 - m 2 .2 



AT/"* /"I A A 1 O* 

INGC 4418 


16. 


.04 


1 A 

14. 


TO 

.78 


1 A 

14 


n e 

.05 


1 


.26 





TO 

.73 


Zw049.U57 


17. 


1 O 

.18 


1 e 

15 


no 

,98 


1 E 

15 


on 

.20 


1 


on 

.20 





TO 

.78 


at/"* rnnnT?* 


lo. 


OT 

.67 


1 E 

15, 


A C\ 

,40 


1 A 

14 


n a 

.94 





nT 

.97 





A E 

,45 


incjC ouyuvv 


17. 


0£? 

ZD 


lb. 


A ft 

.41) 


1 E 

15 


n a 
,94 





o r 
.85 


n 
U 


A T 

.47 


INCjC 2o2o 


1 e 
15. 


69 


1 o 

13. 


c e 

,65 


1 o 

12 


O A 

.34 


2 


n 4 

.04 


1 


O 1 

.31 


1L 883* 


1 T 

17. 


OA 

.20 


1 E 

15. 


.02 


13 


,00 


2 


1 O 

.18 


1 


o n 
.00 


INUO 7469 




.41 


11. 


1 A 

.14 


9 


on 
.59 


1 


.27 


1 


O E 

.25 


JNGC 6240b 


14. 


no 

.03 


12. 


E O 

,53 


11 


.66 


1 


e n 

.50 





.86 


NGC 6240N* 


15. 


.60 


14. 


,31 


13 


.69 


1 


.28 





.62 


VIIZw031* 


16. 


.07 


14. 


.80 


14 


.08 


1 


.28 





.71 


IRAS 15250+3609* 


16. 


.94 


15. 


.39 


14 


.38 


1 


.55 


1 


.01 


UGC 5101* 


15. 


,44 


13 


,79 


12 


.04 


1 


.64 


1 


.75 


IRAS 10565+2448* 


15. 


.62 


14. 


,05 


13 


.02 


1 


.57 


1 


.04 


IRAS 08572+3915N 


17 


,45 


15. 


,80 


13 


.53 


1 


.65 


2 


.27 


IRAS 08572+3915S 


16. 


.87 


15. 


.86 


15 


.76 


1 


.01 





.11 


IRAS 22491-1808W* 


16. 


.92 


15. 


,94 


15 


.37 





.98 





.57 


IRAS 22491-1808E* 


18. 


,55 


17. 


.13 


16 


.16 


1 


.42 





.97 


IRAS 05189-2524 


13. 


.56 


11. 


.83 


10 


.33 


1 


.73 


1 


.50 


Mrk 273S* 


17. 


,29 


15. 


.29 


13 


.77 


2 


.01 


1 


.51 


Mrk 273N* 


16. 


,04 


14. 


.23 


13 


.25 


1 


.81 





.98 


Arp 220W* 


17. 


,13 


14. 


,88 


13 


.48 


2 


.25 


1 


.40 


Arp 220E* 


17. 


,86 


15. 


.94 


14 


.43 


1 


.92 


1 


.51 


PKS 1345+12W* 


17. 


.06 


15. 


,85 


14 


.14 


1 


.21 


1 


.71 


PKS 1345+12E* 


17. 


,39 


16. 


,41 


15 


.91 





.98 





.50 


IRAS 12112+0305S* 


17. 


.19 


15. 


,60 


14 


.51 


1 


.58 


1 


.09 


IRAS 14348-1447S* 


17. 


,05 


15. 


,36 


14 


.49 


1 


.69 





.87 


IRAS 14348-1447N* 


18. 


.02 


16. 


,00 


15 


.31 


2 


.03 





.69 


IRAS 17208-0014* 


17. 


.20 


15. 


,30 


13 


.85 


1 


.90 


1 


.44 


IRAS 07598+6508 


13 


.40 


12. 


,02 


10 


.51 


1 


.38 


1 


.51 


Mrk 1014 


14. 


.80 


13 


.56 


12 


.25 


1 


.24 


1 


.31 


3C 48 


14. 


.87 


14. 


.00 


12 


.82 





.87 


1 


.18 



a Measured in a 1.1" aperture. 
*Underlying galaxy subtraction performed. 



NICMOS Imaging 



Table 6 

2 Kpc-Diameter Aperture Photometry 



Name m u nii. 6 m 2 .2 m u - mi. 6 nii. 6 - m 2 .2 



NGC 4418 


12. 


.33 


11 


.46 


11. 


.14 





.87 


0.32 


Zw049.057 


13. 


.39 


12 


.24 


11. 


.81 


1 


.15 


0.43 




13 


.82 


12 


.89 


12 


,38 





no 

.92 


0.51 


NGC 6090W 


14. 


,98 


14 


.17 


13 


,76 





.82 


0.41 


NGC 2623 


13 


,40 


12 


.06 


11. 


,34 


1 


.33 


0.73 


IC 883 


14. 


.02 


12 


.65 


11. 


,77 


1 


.36 


0.88 


NGC 7469 


11. 


.34 


10 


.14 


9. 


,17 


1 


.20 


0.97 


VV114E 


13 


.54 


12 


.15 


11. 


,22 


1 


.39 


0.93 


VV114W 


13 


.39 


12 


.57 


12. 


,24 





.82 


0.33 


NGC 6240N 


12. 


.85 


11 


.39 


10. 


,56 


1 


.46 


0.84 


NGC 6240S 


12. 


.71 


11 


.28 


10. 


,46 


1 


.43 


0.82 


VIIZw031 


14. 


.59 


13 


.32 


12. 


.57 


1 


.27 


0.75 


IR 15250+3609 


15. 


,41 


14 


.28 


13 


,59 


1 


.13 


0.69 


UGC 5101 


14. 


,12 


12 


.61 


11. 


,33 


1 


.51 


1.28 


IR 10565+2448 


14. 


,02 


12 


.69 


11. 


,86 


1 


.33 


0.83 


IR 08572+3915N 


16. 


,92 


15 


.42 


13 


,42 


1 


.50 


2.00 


IR 08572+3915S 


17. 


,44 


16 


.45 


15 


,60 





.99 


0.85 


IR 22491-1808W 


16. 


.42 


15. 


.42 


14. 


,92 





.99 


0.50 


IR 22491-1808E 


16 


.91 


15 


.72 


15. 


,05 


1 


.19 


0.67 


IR 05189-2524 


13. 


.19 


11 


.59 


10. 


,19 


1 


.60 


1.40 


Mrk 273N 


14. 


.20 


12 


.87 


11. 


.94 


1 


.33 


0.93 


Mrk 273S 


14. 


.26 


12 


.90 


11. 


,97 


1 


.35 


0.93 


Arp 220 


13 


.61 


12 


.10 


11. 


,16 


1 


.51 


0.94 


IR 12112-0305N 


16. 


.66 


15. 


.20 


14. 


.28 


1 


.46 


0.92 


IR 12112-0305S 


17. 


.04 


15 


.68 


14. 


.79 


1 


.36 


0.89 


IR 14348- 1447N 


17. 


.01 


15 


.65 


14. 


.80 


1 


.36 


0.85 


IR 14348-1447S 


16. 


.42 


15 


.01 


14. 


.10 


1 


.41 


0.91 


IR 17208-0014 


14. 


.82 


13 


.20 


12. 


.21 


1 


.62 


0.98 



Scoville et al. 



Table 7 
Cluster Photometry 



Number 


mi 


l 


Ami.i b 


mi. 6 


Am 


b 

1.6 


m 2 .2 


Am 2 . 2 b 


mil - mi. 6 mi. 6 


- m 2 .2 


N Offset 
(") 


E Offsct c 
(") 


Zw049.057 


01 


19.68 


0.16 


18.71 


0.10 


>18.55" 


0.00 


0.97 


0.00 


0.3 


1.1 


02 


20.16 


0.24 


19.53 


0.20 


>16.52 


0.00 


0.63 


0.00 


0.4 


0.9 


NGC 6090E 


01 


18 


26 


0.02 


18.15 





03 


18.20 


0.15 


0.11 


-.05 


-1.6 


0.4 


02 


18 


69 


0.03 


18.58 





04 


18.73 


0.23 


0.11 


-.14 


-1.2 


-0.3 


03 


19 


.14 


0.04 


19.23 


0. 


.08 


>19.09 


0.00 


-.09 


0.00 


-1.0 


-0.7 


04 


19 


.19 


0.05 


18.83 





.05 


18.59 


0.21 


0.36 


0.24 


-5.1 


3.6 


05 


19 


39 


0.06 


18.84 


0. 


05 


18.74 


0.23 


0.56 


0.10 


-5.1 


3.3 


06 


19 


46 


0.06 


18.34 





.03 


17.47 


0.08 


1.13 


0.87 


-1.9 


-2.0 


07 


19 


.64 


0.07 


18.90 





.06 


19.01 


0.29 


0.73 


-.11 


-5.0 


4.7 


08 


19 


.70 


0.07 


18.59 





04 


18.54 


0.20 


1.11 


0.05 


-1.0 


-1.4 


09 


19 


76 


0.08 


19.42 


0. 


09 


>19.09 


0.00 


0.33 


0.00 


-0.4 


-1.0 


10 


19. 


.88 


0.09 


19.46 


0. 


10 


>19.08 


0.00 


0.42 


0.00 


-5.4 


3.8 


11 


19. 


.91 


0.09 


19.18 


0. 


.07 


18.88 


0.26 


0.73 


0.30 


-4.9 


5.0 


12 


19 


99 


0.09 


19.41 


0. 


09 


18.83 


0.25 


0.58 


0.57 


0.4 


-0.8 


13 


20 


13 


0.11 


19.19 





07 


>19.10 


0.00 


0.94 


0.00 


1.7 


-0.1 


14 


20 


.19 


0.11 


19.47 


0. 


.10 


>19.09 


0.00 


0.72 


0.00 


-5.2 


3.2 


15 


20 


32 


0.13 


19.56 


0. 


10 


>19.01 


0.00 


0.76 


0.00 


-1.2 


-1.4 


16 


20 


33 


0.13 


19.80 





13 


>19.10 


0.00 


0.53 


0.00 


-4.8 


2.5 


17 


20 


.69 


0.17 


19.73 





.12 


18.97 


0.28 


0.96 


0.76 


-2.1 


1.2 


18 


20 


.71 


0.18 


19.83 





.13 


>19.06 


0.00 


0.88 


0.00 


-2.1 


0.8 


19 


20 


.84 


0.20 


>20.85 





00 


>19.08 


0.00 


0.00 


0.00 


-1.3 


-1.1 


20 


20 


92 


0.21 


20.36 





21 


>19.03 


0.00 


0.57 


0.00 


1.5 


0.2 


21 


20 


99 


0.22 


20.29 


0. 


20 


>19.09 


0.00 


0.70 


0.00 


0.5 


1.7 


22 


>21 


.38 


0.00 


20.49 





.23 


>19.09 


0.00 


0.00 


0.00 


-2.0 


1.5 


NGC 2623 


01 


19.50 


0.07 


18.84 


0.06 


18.84 


0.25 


0.66 


0.00 


-7.9 


1.2 


02 


20.27 


0.15 


19.66 


0.13 


>19.10 


0.00 


0.61 


0.00 


-1.2 


-2.4 


03 


20.84 


0.24 


19.47 


0.11 


>19.10 


0.00 


1.37 


0.00 


1.4 


1.4 


04 


20.99 


0.27 


19.86 


0.15 


18.35 


0.17 


1.14 


1.51 


0.3 


2.6 


05 


>21.15 


0.00 


20.28 


0.21 


18.37 


0.17 


0.00 


1.91 


-1.2 


1.7 


IC 883 


01 


18. 


.02 


0.02 


17.56 





.02 


17.62 


0.10 


0.45 


-.06 


4.8 


7.7 


02 


18 


31 


0.03 


16.34 





01 


15.41 


0.01 


1.97 


0.93 


-0.4 


-0.7 


03 


18 


.34 


0.03 


17.27 





02 


16.88 


0.05 


1.07 


0.39 


1.2 


1.7 


04 


19 


.07 


0.06 


18.75 





.07 


18.57 


0.22 


0.32 


0.18 


-2.8 


-0.2 


05 


19 


.09 


0.06 


18.50 


0. 


.05 


18.17 


0.16 


0.59 


0.33 


2.0 


-0.1 


06 


20 


.56 


0.21 


19.53 


0. 


13 


18.75 


0.26 


1.04 


0.78 


-0.5 


-1.5 


07 


20 


75 


0.24 


19.98 


0. 


.19 


>18.98 


0.00 


0.77 


0.00 


1.3 


-2.2 


08 


20 


.76 


0.24 


20.25 


0. 


.24 


>18.95 


0.00 


0.50 


0.00 


7.2 


-1.5 


09 


20 


93 


0.28 


20.19 


0. 


.23 


>18.95 


0.00 


0.74 


0.00 


1.4 


-2.9 


10 


>21 


.06 


0.00 


19.16 


0. 


.09 


18.09 


0.15 


0.00 


1.07 


1.7 


2.3 


11 


>21. 


07 


0.00 


20.40 





27 


>18.95 


0.00 


0.00 


0.00 


0.8 


1.6 


12 


>21. 


.07 


0.00 


20.44 


0. 


.28 


>18.92 


0.00 


0.00 


0.00 


-2.9 


-2.1 


NGC 7469 


01 


16. 


76 


0.01 


16.34 





01 


15.82 


0.02 


0.42 


0.53 


-1.6 


0.6 


02 


17 


41 


0.01 


16.93 





01 


16.74 


0.04 


0.48 


0.20 


1.0 


-1.3 


03 


17 


.58 


0.01 


17.21 





.02 


16.19 


0.03 


0.37 


1.02 


1.2 


-1.1 


04 


17 


.91 


0.02 


18.17 





.04 


17.54 


0.09 


-.26 


0.62 


1.7 


0.0 


05 


18 


79 


0.03 


18.64 





05 


19.03 


0.29 


0.15 


-.38 


9.3 


-3.5 


06 


19 


10 


0.05 


>20.30 





00 


18.60 


0.23 


0.00 


0.00 


-0.5 


1.6 


07 


19 


.98 


0.11 


19.41 


0. 


.12 


18.57 


0.22 


0.58 


0.83 


-2.6 


-2.6 


08 


20 


.01 


0.11 


19.27 


0. 


.10 


>18.98 


0.00 


0.74 


0.00 


-3.2 


-1.7 


09 


20. 


87 


0.24 


20.06 





21 


>18.97 


0.00 


0.81 


0.00 


-9.2 


-0.9 


10 


21. 


.10 


0.29 


19.99 





19 


>18.96 


0.00 


1.11 


0.00 


-3.0 


-2.0 


VV 114E 


01 


18.30 


0.04 


18.09 





.06 


18.14 


0.22 


0.21 


-.05 


-3.2 


1.5 


02 


18 


.79 


0.06 


17.82 





.04 


17.47 


0.12 


0.96 


0.35 


-4.1 


2.0 


03 


18 


.87 


0.06 


16.31 





.01 


15.31 


0.02 


2.56 


1.00 


1.3 


-0.9 


04 


18 


.88 


0.06 


17.17 





.02 


16.21 


0.04 


1.71 


0.96 


-0.5 


0.7 


05 


19 


.00 


0.07 


17.63 





.04 


16.66 


0.06 


1.37 


0.97 


1.7 


-0.8 


06 


19. 


69 


0.13 


18.42 





07 


>18.54 


0.00 


1.27 


0.00 


1.0 


-0.8 


07 


19. 


69 


0.13 


19.44 





.18 


>18.54 


0.00 


0.25 


0.00 


2.5 


-1.3 


08 


19 


.72 


0.13 


18.65 





.09 


18.00 


0.20 


1.06 


0.65 


2.2 


-1.2 


09 


19 


78 


0.14 


19.37 


0. 


.17 


>18.54 


0.00 


0.41 


0.00 


-0.7 


1.5 


10 


19 


83 


0.14 


19.17 


0. 


.14 


>18.50 


0.00 


0.67 


0.00 


2.0 


-1.0 


11 


20 


03 


0.17 


18.89 


0. 


11 


18.20 


0.23 


1.13 


0.69 


1.8 


-0.1 


12 


20 


.25 


0.20 


19.53 





.19 


18.49 


0.30 


0.72 


1.04 


1.0 


0.3 


13 


20 


.29 


0.21 


19.52 





19 


>18.54 


0.00 


0.77 


0.00 


0.4 


1.3 


14 


20 


45 


0.24 


19.02 


0. 


.12 


>18.55 


0.00 


1.43 


0.00 


2.7 


-1.7 


15 


20. 


.67 


0.29 


19.89 





26 


>18.52 


0.00 


0.78 


0.00 


2.1 


-2.4 


16 


20 


.75 


0.31 


>20.09 





.00 


>18.36 


0.00 


0.00 


0.00 


-1.3 


1.5 


17 


>20. 


75 


0.00 


19.73 


0. 


23 


>18.54 


0.00 


0.00 


0.00 


2.1 


-1.8 


18 


>20 


.76 


0.00 


19.81 





.25 


>18.53 


0.00 


0.00 


0.00 


3.0 


-2.6 


19 


>20 


.76 


0.00 


20.03 


0. 


.29 


>18.50 


0.00 


0.00 


0.00 


0.5 


1.1 


V V 114W 


01 


18.15 


0.03 


17.60 


0.03 


17.57 


0.14 


0.55 


0.03 


0.1 


0.1 


02 


18.53 


0.05 


17.90 


0.04 


17.84 


0.17 


0.63 


0.06 


2.7 


5.3 


03 


18.78 


0.06 


19.11 


0.13 


>18.53 


0.00 


-.33 


0.00 


-3.7 


6.4 


04 


18.84 


0.06 


18.50 


0.08 


18.10 


0.22 


0.34 


0.40 


-0.9 


-0.3 


05 


19.06 


0.07 


18.28 


0.06 


17.90 


0.19 


0.78 


0.37 


0.8 


3.6 
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Table 7 — Continued 



Number 


mil 


Ami! 


mi. 6 


Am 


b 

1.6 


m 2 .2 


a , b 

Am 2 .2 


mil - mi. 6 mi. 6 


- m 2 . 2 


IN Unset 


hj Unset 






















(") 


(") 


06 


19 09 


08 


19 38 





16 


18 53 


31 


- 29 


85 


2 2 


5.7 


07 


19.39 


10 


19 16 





14 


>18 51 


00 


23 


00 


-0 2 


-0 5 


08 


19.45 


0.11 


19 31 





16 


> 18 52 


00 


15 


00 


1 9 


-2 3 


09 


19.71 


0.13 


18.93 





H 


> 18 53 


0.00 


0.78 


0.00 


1.6 


-0.6 


10 


19.75 


0.14 


19.54 


o 


19 


> 18.51 


0.00 


0.21 


0.00 


3.3 


4.8 


IX 


19.92 


0.16 


19.80 


Q 


24 


> 18.48 


0.00 


0.12 


0.00 


-3.7 


2.8 


12 


19 92 


16 


19 90 





26 


> 18 50 


00 


03 


00 


7.0 


4 6 


13 


20.00 


0.17 


19.31 




16 


> 18.51 


0.00 


0.69 


0.00 


2.3 


5.4 


14 


20.11 


0.19 


19.49 


Q 


18 


>18.51 


0.00 


0.63 


0.00 


2.5 


1.0 


15 


20.12 


0.19 


>20.14 


0. 


.00 


>18.47 


0.00 


0.00 


0.00 


0.6 


-0.1 


16 


20.16 


0.20 


19.76 


0. 


.23 


>18.51 


0.00 


0.40 


0.00 


4.3 


3.5 


17 


20.24 


0.21 


19.28 


0. 


15 


>18.52 


0.00 


0.96 


0.00 


2.2 


2.3 


18 


20.50 


0.26 


19.85 


0. 


.25 


>18.51 


0.00 


0.65 


0.00 


4.9 


-0.5 


19 


20.52 


0.26 


19.80 


0. 


24 


>18.50 


0.00 


0.73 


0.00 


1.8 


4.8 


20 


20.57 


0.28 


19.72 


0. 


22 


>18.50 


0.00 


0.85 


0.00 


3.7 


2.4 


21 


20.58 


0.28 


>20.13 


0. 


00 


>18.49 


0.00 


0.00 


0.00 


-2.0 


7.1 


22 


20.59 


0.28 


19.84 





24 


>18.52 


0.00 


0.75 


0.00 


2.2 


4.7 


23 


20.59 


0.28 


20.13 





.31 


>18.50 


0.00 


0.46 


0.00 


6.8 


1.7 


24 


20.65 


0.29 


19.65 


0. 


21 


>18.50 


0.00 


1.00 


0.00 


1.6 


1.8 


25 


20.69 


0.30 


>20.12 





00 


>18.50 


0.00 


0.00 


0.00 


3.9 


0.9 


26 


>20.53 


0.00 


19.93 


0. 


.26 


>18.39 


0.00 


0.00 


0.00 


2.9 


4.9 


27 


>20.72 


0.00 


19.75 





23 


>18.51 


0.00 


0.00 


0.00 


2.0 


2.3 


NGC 6240S 


01 


18.93 


0.09 


18.37 


0.08 


>18.44 


0.00 


0.57 


0.00 


-0.6 


-6.5 


02 


19.21 


0.11 


18.61 


0.10 


>18.44 


0.00 


0.59 


0.00 


-3.0 


6.4 


VllZw031 


01 


19.20 


0.04 


18.09 


0.02 


17.51 


0.08 


1.11 


0.58 


-0.8 


0.0 


02 


19.30 


0.04 


18.48 





03 


17.31 


0.07 


0.83 


1.17 


-0.1 


-0.7 


03 


19.41 


0.05 


18.57 





03 


18.19 


0.14 


0.84 


0.38 


-0.9 


-1.3 


04 


19.55 


0.05 


18.58 


0. 


.03 


18.02 


0.12 


0.97 


0.56 


0.7 


0.9 


05 


19.73 


0.06 


18.51 


0. 


.03 


18.17 


0.14 


1.22 


0.34 


1.4 


0.3 


06 


19.86 


0.07 


19.46 


0. 


07 


18.41 


0.17 


0.40 


1.05 


-0.9 


-1.0 


07 


19.89 


0.07 


18.72 


0. 


04 


18.05 


0.13 


1.18 


0.66 


1.0 


-0.4 


08 


19.95 


0.07 


18.21 


0. 


.02 


17.86 


0.11 


1.74 


0.34 


0.5 


0.1 


09 


19.98 


0.07 


19.50 





.07 


>19.10 


0.00 


0.47 


0.00 


0.7 


-0.7 


10 


20.06 


0.08 


19.30 





06 


18.90 


0.26 


0.77 


0.40 


-2.5 


-1.8 


11 


20.18 


0.09 


19.18 





.06 


18.52 


0.19 


1.00 


0.66 


-2.8 


-1.8 


12 


20.20 


0.09 


18.91 





.04 


18.42 


0.18 


1.30 


0.48 


-1.0 


0.3 


13 


20.29 


0.10 


19.26 





06 


18.60 


0.21 


1.02 


0.66 


-0.8 


1.3 


14 


20.31 


0.10 


19.21 





06 


18.61 


0.21 


1.10 


0.61 


-1.1 


-0.6 


15 


20.41 


0.11 


18.76 


0. 


.04 


17.78 


0.10 


1.65 


0.97 


1.3 


0.0 


16 


20.47 


0.12 


18.89 





04 


18.20 


0.15 


1.58 


0.69 


-1.0 


-0.3 


17 


20.64 


0.13 


19.17 


0. 


05 


>19.11 


0.00 


1.47 


0.00 


-0.3 


0.5 


18 


20.68 


0.14 


19.29 


0. 


06 


18.70 


0.22 


1.39 


0.59 


-1.9 


-0.1 


19 


20.71 


0.14 


19.91 


0. 


.10 


>19.10 


0.00 


0.80 


0.00 


-0.7 


0.8 


20 


20.88 


0.17 


19.68 





09 


>19.06 


0.00 


1.20 


0.00 


-0.7 


0.6 


21 


21.39 


0.26 


20.11 


0. 


.13 


>19.09 


0.00 


1.28 


0.00 


0.4 


-1.3 


22 


21.45 


0.27 


19.71 





.09 


18.45 


0.18 


1.73 


1.27 


-1.1 


-0.2 


23 


21.45 


0.27 


20.92 


0. 


.25 


>18.95 


0.00 


0.53 


0.00 


-0.5 


3.2 


24 


21.59 


0.30 


19.43 


0. 


07 


18.97 


0.28 


2.16 


0.47 


-0.3 


0.8 


25 


21.60 


0.30 


20.07 


0. 


12 


>19.10 


0.00 


1.53 


0.00 


-1.0 


-0.8 


26 


21.62 


0.31 


20.60 


0. 


.19 


>18.85 


0.00 


1.03 


0.00 


0.5 


-2.8 


27 


>21.63 


0.00 


21.07 


0. 


.28 


>19.05 


0.00 


0.00 


0.00 


-0.6 


-3.1 


28 


>21.63 


0.07 


19.97 


0. 


11 


>19.11 


0.00 


0.00 


0.00 


0.4 


-0.6 


IK 15250+3609 


01 


18.49 


0.04 


17.81 


0.04 


17.92 


0.16 


0.67 


-.11 


0.5 


0.4 


02 


19.70 


0.11 


18.99 


0.10 


>18.71 


0.00 


0.71 


0.00 


-0.3 


0.4 


03 


20.37 


0.19 


19.85 


0.22 


>18.68 


0.00 


0.53 


0.00 


2.0 


-1.0 


04 


20.61 


0.24 


>20.29 


0.00 


>18.68 


0.00 


0.00 


0.00 


0.8 


0.8 


UGC 5101 


01 


19.60 


0.05 


18.74 


0.04 


>18.57 


0.00 


0.86 


0.00 


-0.7 


-0.4 


02 


20.52 


0.12 


19.70 


0.09 


>19.21 


0.00 


0.82 


0.00 


3.4 


-0.8 


03 


>21.66 


0.00 


20.25 


0.15 


>19.20 


0.00 


0.00 


0.00 


1.6 


-2.0 


IR 10565 + 2448W 


01 


18.42 


0.02 


17.98 


0.02 


17.41 


0.06 


0.45 


0.56 


0.4 


-0.3 


02 


19.01 


0.03 


18.71 


0.04 


17.31 


0.06 


0.30 


1.40 


-1.1 


0.3 


03 


21.15 


0.22 


20.51 


0.21 


>19.20 


0.00 


0.64 


0.00 


-0.4 


-4.1 














lli 22491 


-1808W 










01 


19.36 


0.05 


18.44 


0.03 


18.19 


0.13 


0.92 


0.26 


1.7 


-0.5 


02 


19.87 


0.08 


19.15 


0.06 


18.74 


0.21 


0.72 


0.41 


-0.7 


-0.6 


03 


20.49 


0.14 


19.90 


0.12 


>19.21 


0.00 


0.60 


0.00 


2.4 


1.9 


04 


21.01 


0.21 


19.80 


0.11 


>19.22 


0.00 


1.21 


0.00 


-1.3 


-1.1 


05 


21.20 


0.25 


20.41 


0.19 


>19.20 


0.00 


0.79 


0.00 


2.0 


1.3 


06 


>21.47 


0.00 


20.33 


0.18 


>19.20 


0.00 


0.00 


0.00 


1.4 


0.1 


Mrk 273S 


01 


19.49 


0.10 


19.89 


0.22 


18.13 


0.21 


-.40 


1.76 


1.0 


-0.2 


Arp 220W 


01 


18.99 


0.03 


17.61 


0.02 


17.16 


0.05 


1.38 


0.45 


0.2 


0.7 


02 


20.30 


0.09 


19.42 


0.08 


19.29 


0.30 


0.89 


0.13 


-1.5 


4.8 


03 


21.25 


0.20 


20.67 


0.25 


>19.30 


0.00 


0.58 


0.00 


4.7 


2.3 


04 


21.59 


0.27 


>20.95 


0.00 


>19.30 


0.00 


0.00 


0.00 


-0.7 


2.3 


05 


21.61 


0.28 


>20.95 


0.00 


>19.15 


0.00 


0.00 


0.00 


-5.2 


-4.5 



IK 17208-0014 



Scoville et al. 



Table 7 — Continued 



Number 


mi.i 


Arm.! 13 


mi. 6 


A mi . 6 b 


m 2 .2 


Am 2 . 2 b 


mi.i - mi. 6 


mi. 6 " m 2.2 


N Offset 

(") 


E Offset 

(") 




01 


19.24 


0.07 


17.76 


0.03 


16.96 


0.07 


1.48 


0.80 


0.3 


0.7 


02 


19.44 


0.08 


18.63 


0.07 


17.91 


0.15 


0.80 


0.72 


0.9 


-0.6 


03 


19.48 


0.09 


18.43 


0.06 


17.90 


0.15 


1.05 


0.53 


1.2 


-1.0 


04 


19.57 


0.09 


18.81 


0.08 


>18.74 


0.00 


0.76 


0.00 


0.2 


-1.2 


05 


19.66 


0.10 


19.20 


0.12 


>18.76 


0.00 


0.46 


0.00 


1.0 


-0.2 


06 


19.94 


0.13 


19.28 


0.12 


>18.76 


0.00 


0.66 


0.00 


0.7 


-0.7 


07 


20.01 


0.14 


19.24 


0.12 


>18.77 


0.00 


0.78 


0.00 


1.1 


-1.2 


08 


20.13 


0.15 


19.32 


0.13 


18.60 


0.27 


0.81 


0.73 


0.9 


-1.5 


09 


20.22 


0.17 


17.86 


0.03 


16.56 


0.05 


2.36 


1.30 


0.4 


0.2 


10 


20.25 


0.17 


19.63 


0.17 


>18.78 


0.00 


0.62 


0.00 


-0.7 


-0.8 


11 


20.62 


0.24 


20.04 


0.24 


>18.76 


0.00 


0.59 


0.00 


-0.1 


-0.7 


12 


20.65 


0.24 


>20.29 


0.00 


>18.77 


0.00 


0.00 


0.00 


-0.7 


-0.6 


13 


20.82 


0.28 


20.08 


0.25 


>18.74 


0.00 


0.73 


0.00 


2.4 


-2.5 


14 


20.86 


0.29 


20.26 


0.28 


>18.75 


0.00 


0.61 


0.00 


-1.3 


-0.6 


15 


>20.95 


0.00 


19.06 


0.10 


18.29 


0.21 


0.00 


0.77 


-0.6 


-0.3 


16 


>20.95 


0.00 


19.36 


0.13 


>18.75 


0.00 


0.00 


0.00 


0.8 


0.7 


17 


>20.96 


0.00 


19.84 


0.20 


>18.78 


0.00 


0.00 


0.00 


8.5 


-5.0 


18 


>20.96 


0.00 


20.11 


0.25 


>18.76 


0.00 


0.00 


0.00 


-1.3 


-0.3 



a Uppcr limits on all magnitudes are 3ct rms upper limits. 

b l Sigma root-mean-square for the corresponding measured magnitude. 

c Offsct in arcseconds from the brightest 2.2/j.m peak. 
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Table 8 
Radial Profile Fits 



Galaxy 


r> a 

dinner 


r> a 

r^outer 


Best Model b 


Scale c 


x 2 d 


Ratio e 




(PC) 


(PC) 


(r 1 / 4 or exp) 


(kpc) 






X 2 s 


NGC 4418 


30 


1100 


r l/4 


0.710 


0, 


.84 


26 


Zw049.057 


60 


2000 


r l/4 


2.180 





.38 


7 


NGC 6090 


120 


3000 


exp 


0.690 


2. 


,19 


2 


NGC 2623 


90 


2900 


r l/4 


1.480 


1 


,38 


6 


IC 883 


100 


3800 


r l/4 


2.180 


0. 


,26 


11 


NGC 7469 


70 


3100 


neither 










VV114E 


90 


2300 


exp 


0.520 


0. 


,94 


3 


VV114W 


80 


1700 


exp 


0.560 





,87 


1 


NGC 6240 


95 


4500 


1 i A 

r l/4 


1.340 


n 


97 


19 


VIIZw031 


230 


7000 


neither 










IRAS 15250+3609 


250 


5150 


r l/4 


1.730 


2. 


,26 


2 


UGC 5101 


180 


6180 


r l/4 


1.420 





,34 


19 


IRAS 10565+2448 


250 


6300 


r l/4 


1.150 


1 


,03 


23 


IRAS 08572+3915 


260 


2200 


neither 










IRAS 05189-2524 


170 


5800 


neither 










IRAS 22491-1808 


300 


7000 


r l/4 


8.290 


1 


,67 


2 


Mrk 273 


170 


5100 


exp 


1.060 


1 


,25 


1 


Arp 220 


90 


3400 


r l/4 


2.800 


0. 


,50 


7 


PKS 1345+12 


480 


6900 


neither 










IRAS 12112+0305 


310 


2000 


r l/4 


1.190 


4. 


,53 


3 


IRAS 14348-1447 


360 


3000 


r l/4 


4.190 


0. 


,84 


8 


IRAS 17208-0014 


180 


6600 


r l/4 


2.610 


2. 


,72 


2 


IRAS 07598+6508 


680 


6900 


neither 










Mrk 1014 


700 


6900 


exp 


1.980 


6 


,22 


2 



a In all cases, the inner radius for the fit, Rm raer , is at 0.22" radius to be 
outside the difraction radius. Usually, R outer , the outer radius for the fit is at 
the detection edge of the galaxy, but in a few instances, R ou ter was reduced to 
avoid a secondary nucleus. 

b Functional form of best fitting model to the 1.6 (im image. Entries with 
bold type are those with excellent fits and where the fit clearly discriminates 
the r 1 / 4 -law and exponential forms. 

c Scale length for best-fit function. For r 1 / 4 , this is the radius in which half 
the total flux is contained; for the exponential disk, it is the e-folding length in 
radius. 

d X 2 normalized by the number of radial bins in the fit. 

e The ratio of x 2 's for the worse fitting model to the better fitting model. This 
serves as an estimator of how well the data favors the best-fit model over the 
other model, i.e. a ratio of 1 means both fits are equally acceptable and a high 
ratio implies that the best-fit funtion is highly favored. 
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Table 9 

Half-Light Radii For Flux within 3 kpc 



Name 


IR Class 


J? 1/2 (l.l^m) 


i? 1/2 (1.6/zm) 


R 1/2 (2.2fj,m) 






kpc 


kpc 


kpc 


NGC 4418 


W 


0.34 


0.32 


0.26 


Zw049.057 


C 


0.68 


0.62 


0.44 


NGC 6090 


w 


1.06 


1.12 


1.07 


NGC 2623 


c 


0.92 


0.73 


0.39 


IC 883 


c 


1.05 


0.93 


0.62 


NGC 7469 


w 


0.21 


0.27 


0.27 


VV 114E 


c 


0.87 


0.79 


0.61 


VV 114W 


c 


0.86 


0.87 


0.78 


NGC 6240 


c 


0.79 


0.73 


0.61 


VIIZw031 


c 


1.35 


1.28 


1.17 


IRAS 15250+36 


c 


1.09 


1.01 


0.65 


UGC 5101 


c 


1.01 


0.80 


0.45 


IRAS 10565+24 


c 


0.89 


0.79 


0.65 


IRAS 08572+39 


w 


0.83 


0.69 


0.14 


IRAS 05189-25 


w 


0.14 


0.10 


0.12 


IRAS 22491-18 


c 


1.60 


1.66 


1.62 


Mrk 273 


c 


1.31 


1.17 


0.90 


Arp 220 


c 


1.33 


1.09 


0.58 


PKS 1345+12 


w 


1.03 


1.08 


0.39 


IRAS 12112+0305 


c 


0.97 


0.79 


0.45 


IRAS 14348-1447 


c 


1.23 


1.07 


0.67 


IRAS 17208-0014 


c 


1.28 


1.10 


0.88 


IRAS 07598+65 


w 


0.17 


0.22 


0.30 


Mrk 1014 


w 


0.24 


0.28 


0.36 
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